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'y 1 | Summary
b ' 1 z ) | ' . ‘
. * |

This study concerns the conceptual and econometric problems

involved in estimating educational production functions. Atten-

? tion is given to the following topics.” First, the meaning of

“an educational production function estimated from cross-section

‘data is discussed. Attention is givén to the problem of'simulj
3‘;- .taneity, and to the difficulties arising from the absence of
the.usual maximizing_behavioral assumptions which ordinarily
.ﬁnderlie production'function estimates. Second, I deal with |
'the measu¥ement of the output of schools. In,thisiétqdy, I‘

~ concentrate on achievement scores as a measure of output, al-

though there is some attention given to economic measures, such

DNy

as post-school‘earnings. Third, I discuss the problem of mea-

suring the initial endowment of students upon entering school.

" A method of dealing with the normal mis-specification of educa-

. éional production functions ariéing from this soufce is developed
and implemented. Fourth, the measurable dimensions of the
learning envirpnment, both school and home,lare discussed. A
model of the lgarning environmént is deweloped, based on the
findings of éocioloéical and psycholbgical research. Fifth,

“the shortcomings of the Project Talent five-year follow-up data

are discussed. Particularly important is the magnitude’of}non-
response to the follow-up and non-response on particular items
by those included in the follocw-up. Sixth, educational production

functions are estimated using Projeét Talent data, as weli as




? data from the Eqﬁal Educational 0pportunity survey of‘thé Office §

;f of Education. The following findings are partiCplarly important: 3?

i' a) the ésﬁimated relationships are consistent with the con~

i ‘;geptgal model_ﬁeyéloped in this report; b) teacher quality

5 appeafs to be an important determinant of scholastic success; %E

? c) some oﬁheffdimensions of the school.ehvironment}appear'to be é
 impbrtaqt, although ﬁhe relationships afe soméﬁhat inconsiStent:

;’ “and d) the produétioh functions.explain a very small pércéhfagé' |

é?" bf'the variaﬁéé'of»séhqlastic.achievement, eveﬁ.u$ing thé full !

-range of social class and school input variables,‘- ,i S _ : o j;
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I. PREFACE
The following is the final report on the first stage of a

research project on educational production functions supported

by the U.S. Office of Education under grant number OEC 1-7-000451-2651.

The first stage has been devoted to an exploration of the

b

‘~concéptua1 and econometric problems involved in the construction

of educational production functions, and the estimation of some

preliminary functions in which the school output is measured by

_ scholastic achievement. It was originally planned that the data

used in the first stage would be drawn entirely‘from Project
Talent.. However, unforeseen delays in acquiring the necessary
tapes have resulted in a somewhat restricted use of Talent data

supplemented in part by data from the Office of Education's

”Eﬁuality of Educational Opportunity Survey.

‘The second stage is devoted to the economics of educational

prcduction functions. Hzere the emphasis will be on the relation-

.ship between school inputs, social cliass, and post school earainys,

occupational attainment, and employment status. Some exploratory

analysis in this area was included in stage one. The preliminary

I

‘results are outlined in the postscript to this report. The data

used in this economic analysis are from Project Talent.
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‘1During the period of this contract (11/1/66 through 12/31/68),

I have received support from other sources for study in these
problems. This report constitutes a summary of my progress.

To identify particular findings or concepts with specific sources
~E EianmAlvmm e AF rrAanTraeo rintloaa and immggible.
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advice from zZvi Griliches, Susan Contratto, Christopher Jencks,
Lester Thurow,lstephan'Michelson ' Henry Levin, Arthur MecEwan,
Thomas Welskopf and Christopher slms. Terfy Rothra end Deanna

Lee typed the man&scrlpt

Researchers using Project Talent data are asked to 1nclude

”the followmng statement in thelr report: "This lnvestlgat;on

-utilized the Project Talent Data Bank, a cooperative effort of
the U.S. Office of Educatioh, the University of Pittsburgh; and
the'Aﬁerican Institutes for Reseerch. The design and interpref
tation of the research reported herein, however, are solely the

responsibiLity of the author." S | B
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“II. INTRODUCTION
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An ed&caéional production function relates school
and student inputs to a meashre of school oﬁtput.' Représen-_
thlioﬁ of the .educational production process in this form is
Wi particulnr'interest in the descriptive studonf;human

| .

4," capit.al formatjon as well as in normative investigations of

e B £ A Bt b - - i

Il °  the optimal allocation of resources in the educational sector.
| . . . Y !

o . K ‘
1t schooling has any uniquer effect onlabor produc-

tivity or earﬁings, this effect should be traceable to the

development of cognitive skills apd attitudes ‘as a consequence
of school attendance. Further, we may be able to relate the
| | and

Aduevelopment of] productive personal attributes-to school-

policies concerning: the allocation of scarce oducational

Fesoutces, A product ion function relat ing school inputs to

! ‘ - ° . . ' - M . . ‘ f
i he development of an individeal's productive cavacity wou ld
.5‘ : . . . ‘ ‘ |
EE ! t .

fjive ns a much better idea why the better-educate.d carn move.
: !

_Moreover, by ipvestigatinq differences in production funceions
tfor difrecrent facial and social class groups, as well as
IRERE

i~ ffercnces in educational inputs among these aroupns, we

better understand one important aspect of the Joterminat ion

© o e b1 s s P

SF the distrivbution of personal earnings.
R .

- In the determination of sgchool policy,‘énd in long-

o ——————————n &

run educational planning, knowledge of the educationdl'pro-

Juetion function is essential to the achievement of efficient

vesouree allocation. This is true, of course, regardless of

2}
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£
;
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[
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whe ther the docision unit is pursuing the objective of growth,

equality, or any cowbination of these and other goals.

A U Sy mse e
Y

3 Without an estimate of the technelogy of education, the rela-
. o

Lion between the oppottunity.éosts of particular policies and

their expected benefits must be little more than guesses.

An educatzonal productlon functlon 1s deflned as follows: =

(1’ v A = F(x o ¢ o xm' xn' o o o.'.‘xv" xw' o o of' xz)

where

A= Lome measure of school output - for example, a

ae 2y gt - o b et gl ey s, 23
e A i R i s i b

score on a scholastlc achlevement battery,
xl';‘;;txm = variables measuring the school envxronment. The
- , barlables here would typlcally include the amount
X - . " nd quality of teachlng services, the physical - b

facxlltles of the school, the length of tlme that

At L Al A

e e~ e

'the student is exposed to these 1nputs,
‘;x reoey x' = varlab es representlng env;ronmental influences
T o en learning outside the school -- e.g., the parents®
educatlonal attainment; o y
"X yeees X = varlables representing the initial level of learnﬁng
T L attalned by the student prior to entry into the

type of schoollng in questlon.

- We are 1nLerested in galnlng estimates of the structural

B

'parameters of the function, f£f. It will be seen below that we

T

cannot estimate the above equation in the form presented, although

!
some progress can be made with a slightly modified version.
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Thu‘data At our disposal are ordinariiy bésed on a
uboss~antiun of Studénts. Although T will dwell at some
iength on the deficiencies of our data, the informétion avail-
able¢ for the estimaﬁién of educational production functions 1s,

in many vespects, superior to that underlying production

Function estimates in the economy. The crucial deficiency, it

will be seen, is not so much in the absence of data as in the
absence of a theory of the learning process which will guides us

in the process of estimation. ' The engineering processes used in
| . S

the production'of physical commoditiés are reasonably well under-

stood. They suggest appropriate specifications of the production

l . '. N '
function, as lel as some a priori limits on what are regarded as
'plausible esti+ates., In the estimation of educational prodaction

functions, the psychologist replaces the engineer . or agronomist
. l ;

as the source of technical information on the production process.
Despite some fruitful developments in learning theory, we are

[] ' ' L[]
left without much guidance for the underlying technical pro-
Y

cesses involved.

- — atiy - ——r

-‘NoneTheless, to preview some of our vesults, it will

/

be seon that a reasonable a priori model of the production of
! v

scholastic achievement can be specified on the basis of
| |

existing theorT. Moreover, preliminary estimates of this

Function are encouraging.

|

|
!
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Attempts to measure the relationship between school inputs’

and outputs have occipied the attention of a number of educational §l

researChers over the last half-century. Yet the estimation of

the structdralkparaﬁeters of a production function similar to

2

(1) is relatively new.“ . The results of the studies completed to

- date are difficult to'sumﬁarize, in part because of the large

variety of measurements used, and in part because of the diversity °

. of findings. 1In any case, the purpose of this paper is not primar-

ily to present empirical estimates of production‘functions, but | E

f

°As I will refer to the methods and results of studies in the
course of the paper, I will briefly review them now. (All works
referred to in this report appear in the bibliography.)

Herbert Kiesling used data generated by the Quality Measurement
Project of New York State to estimate school production functions
for various communities in New York. Martin Katzman estimated
production functions for a variety of school outputs of elementary
schools in Boston. As a part of the study which gave rise to the
report of the Central Advisory Council for Education (the Plowden
Report) in England, G. F. Peaker estimated a series of production
functions for British elementary education. Thomas Fox and John
Holland and Jesse Burkhead have estimated production functions
for a wide range of school outputs for Atlanta and Chicago, as
reported in Burkhead. I have not included in this list the study
of Finis Welch, as he relies on highly aggregated inputs and his
estimates can only be identified as educational production
functions by some stretch of the imagination. Eric Hanushek and
David Armor have used U.S. data on the sixth grade to estimate
production functions for elementary education. The International
Project for the Evaluation of Educational Achievement, under the
direction of Torsten Husén, has estimated similar functions for
the determination of mathematics achievement in a sample of 12
countries. A considerable amount of additional work is now in ‘
progress, ‘ : f
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rather to explore some of the conceptual and econometric problems

involved ib this type of estimatioh. Nonetheless, the results of
some of these studies, as well as my own.results, will be intro-
~duced as illustrations. |

| ‘Part III will include a discussion of the'behaVioral assumptions

underlying the usual production function estimation, and the

- particular difgiculties encountered when the concepts are applisd
to schsols. f;rts'IV and V'areldeQOted #o'the measurement'pf
school oufputs and student inputs of ﬁhs production process. Thé".
‘measurement and interpretation of school inpuﬁs is discusssd in )
Psrt VI; ahd.insPa:t VIi the statisfical properties of the frojsct
} 'rTalent data are surveyed. In Part VIII some results bssed on

Project Talent data are presented. These results are compared

with estimates based on EEOS data in Part IX. Problems of speci-

[  fication bias are discussed in Part X. Part XI is a brief con-

] clusion. o S L E




III. ESTIMATING A PRODUCTION MODEL FOR SCHOOLS R !
The striking characteristic about the production process in

schools is the degree to which it appears to be complex, nnsystem-

atic, or just plain not understandable. In a statistical investi-

gation using non-eXperimental data, the most we can expect is

discovery of some of the relationships among measured dimensions

of the process based on the particular configuration of data in

13

. our sample. We are thus limited both'by the preconceptions of

the researchers responsible for the selection of the sample'and
the available data as well as the patterns of variation which
school decision-making pfocesses have brought about in the sample

of schools chosen. To use the apt analogy of Marshak and Andrews,

~We are not in the position of the agronomist who seeks to under-

stand production relations in agriculture with a mind to making

agriculture more productive. He can experiment, varying his

factor inputs‘systematically and in any desired combination, and

thus, under ideal condltlons, predlct the llkely consequences of
changes in factor 1nputs on product1v1ty. Nor are we in the

p051t10n of the meterologlst who relles on non—experlmental data,'

4_but seeks only to predict normal behav1or rather than to effect

events. We have the worst of these worlds, for we seek to affect

‘the pattern of educational output by altering school inputs, and

yet our data are generated entirely by systems of decision-

‘making and student responses entirely beyond our control. Thus

B e 0 WO E T
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o the basic iMplausibility of the above beha&ioral'model; It

~-10-

Thus we are faced with the usual problem of simultaneous equa-

tion bias which has plagued the estimation of production

| functions at the firm level:4 any single equation approach to .

s o

p-

; i iy estrmation of (2} will yield inconsistent estimates of | . ‘1

che structural parameters fi'

Ohe possible way out of this difficulty arises £rom

' m&y be that school administratdrs do not select school inputs

3qu’ifzthey‘were maximizing any well defined function of school

sutputs. This seems a reasonable assumption, given that school

administratiorg know very little about the underlying technology |

and are subject to a wide variety of political and legal-éOnstraints.

In this case we can take the X as exogenous for the purposes oﬁ;

| Ji ! l
estimation. | o ) L "j , . - i E
Rejection of ap,bptimizing decision model for school admin—?- %
" istrators relieves us of at least one simultaneity problem (the;é‘ ?
'will be others), but it deprive$ us of the usual ingeépretation'gf ;
the estimated parémeters of (2) as a prodﬁctioh'functibn. ‘We | g
ordinarily reserve for this éoncept a relation which indicates ; %
the maximum ouﬁput cons;steht with a given set of inphts. Yet g é
if school-administratoré conform to no systematic optimizing ; %
behavioral model, then the observations on which our estimates ; ;
|
' are based are not generally technically efficient. Thus we arrive z
See Marshak and Andrews, and Nerlove for a discussion. - 1

v’:
!
A
2+
3
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our ability to calculate the consequences of departures from

existing ways of producing education is very limited indeed.3.

. - s -

—— o

Bﬁt.éhe lim@ted-variat!&n in the configuratiqn éé'
inputs of our éample of schools is just the beginning of the
difficﬁlty. qutpoping the discussion of the‘pfecisé func;
Ljonu1 formfto be.used, nésume for the moment that we écek

Lo estimate the production function (1) in the form

e e el e
T LT U, -

¢

(2) l Ry = B + £5X%); + £5X05 + . . Y EX,; Yy
where
A14 = the achievement score (or other output measure)
th student

for the i
fo"'f'fz = the parameters of the.production function tp be

estimated
X341 = the amount of input j (including measures of

home environment) devoted to observation of

i's education, j = 1...2 ,
u,; = the disturbance term

Yet Weymay.expect that the school inputs are endogenous
to some system, for example, a system of equations based on the
school administrators social welfare function, the educational

production function(s), and an educational budget constraint.

|

A considerable amount of educational research has used experi-
mental techniques. Sce, for example, Gray and Klaus, and Kirk.
These methods hold out some promise for empirical determination
of the educational production function. |
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at some sort of average production function. Only if the ab-
solute'degree of inefficiency is uncorrelated with the level of -

factor inputs (which seems'unlikely) will the estimates fj from

(2) represent unbiased_estimates of the true underlying produc-
i . tion relation.5
Whlle the determlnation of school 1nputs can perhaps

.plau31bly be regarded asg exogenous to our system, one set of

inputs,most,certainly muet be'taken as.endobenous - student
i_lattitudee'toWard themeelveé7and.toward'learningt »Theselareyboth‘
iiﬁ_ lmportaot determihants of aohievement and’a:conseQuenoe of.the;
students' paet.and preeent aChievement'levels; aslwelllas other
;;-3' :influenoes; In this case simultaneity seems unavoidable;
.Estlﬁates based on (l), lncludlag.student attitudes as explanatory |
varlables, W1ll 1n general be correlated with the dlsturbance

term. Qur solutlon is to estimate (2), an equatlon in which

e

, attitudes are excluded, the explanatory variables being confined

to those which are exogenous. This reduced form equation incorpor-

ates the effeots<of attitudes indirectly as they are related to
'theASet of exogenous variables. Unless we are interested in

increasing scholastic achievement by directly affecting student

§ : : ’ .
|

E 5Of course, the constant term will be biased downward. If we

had a number of different observations on inputs for the same
school, we could use school dummy variables to eliminate this
"management bias." See Massell and Hoch. :
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attitudes, little is lost by excluding the attitude variables

6

from the equation.
The dirth of knowledge concerning the underlying learning

relationships makes a'priori specification of a functional form

for the estimation of educational production relations particu-
”Wlarly difficult The notion of diminishing marginal product is
-"an appealing one, although certainly not well established in the

;t;~gf1eld of education. From this standp0int a function linear in

the 10garithms of the variables would seem somewhat superior.

'The posSibility of pOSitive interactions between inputs also

-recommends this form. Nonetheless, the restrictions-of the.

Cobb-Douglas function are severe -- particularly important to my

_mind is the fact that the cross derivatives among any pair of

inputs, each of which is positively related to- output, must also

be poSitive. This would require, for example, that increases‘in

the quality'of ceachers are more effective among the children
‘of well-educated parents. For reasons of simplicity, in the
work below I will use the linear additive form presented in

(2) above.7

Not all children learn the same way or the same things.
Lesser and Stodolsky, for example, found dramatic differences
in the patterns of scholastic proficiency on four different ' 1

learning dimensions among Chinese, Jews, Negroes, and Puerto

6Nonetheless, in my results I present both the reduced form and
the (biased) estimates of the structural equation itself. See
- Part X.

7Hanushek found that the logarithmic form gave slightly better
significance for the estimates of the parameters of his oroduc-

|
R
1
|
)
1
: ‘
£
}
)
:
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Ricans. When we finddoonsistent differences in patterns of
response to'school inputs, we have good grounds for grouping
our students aecordlng to these systematlc patterns and estlmatlng
a number of different technologles.' Although I know, of no work
'.presentlng systematlc suatlstlcal tests of the hypothe31s that
educatlonal productlon functlons estlmated from sub~populations
'were drawn from the same underlyung populatlon, casual 1nspectlon
of'the results of Hanushek, Klesllng,'and my own work strongly
suggest that it is useful to think in terms of dlstlnct educational
‘productlon technologies, at least for black and white and rich |
and poor students, separately.8

If we may take a lesson from the study of economic growth,
'.we should antlclpate that the major changes in product1v1ty of
school resources w1ll come from changes in production functlons,
rncludlng changes in relations between home background and achieve-
ment, as well as the more'conventional input-output relations. 'If
this is our goal, we should seek to identify 'best practice'
- schools and develop a quantitatiVe explanation of their superior

technique.

7cont. '
tion functions.

: - |
81n my results below I have estimated functions for black 12th
grade students separately, sometlmes thh a regional stratifi-
catlon. :

S n e g S BT
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' IV. SCHOOL OUTPUTS

5 We are interested in the economic'consequences of

j schédling. Thus our output meaéures idéally should‘céncern

; eqonomicinnd‘édcial behavior following the termination of

g ' ‘schdo]jng. 'Charactefistically, we are'forced to use indices

; of studEnf‘;achievemeﬁﬁ"Based on.tests.administervd while

; .th§~youth is still enfﬁlied. These achicvement scores must

% ‘be ¢§psid§ted cither pfoxieé for, or éerhaps influences on,

"pdst—séhool economic behavior; Scholastic'achievement is

g présumably not Qalueé per se, but only as an intormediate 

E input into.oth¢r'valued measurés of pefformance. Thus al-

; thourh wevwill here.uge achievement, A, as'the output measuve,
'é,‘ oL rntiowalc»for doing this is a social welfare function, ;
%j wany of wﬁbse-atgdments arve themselves_functidns of scholas; ﬁ;
E tic achievement. s
g 'Although tﬁe evidence of a relationship betws=en scholastic

%; achievement and earnings is not well'established, we proceed on ;
;;' ?he gssumption that scholastic achievement hés economic conse- ;
%; quences, at least for some major groups of workers.? ﬁ
3 / | | | . e :
%i 'V9See Hansen, Scanlon and Weisbrod; Duncan, and Part XII of this | ' j
?, report for some evidence on this question. |
é

;..

}% Q.

j| LRIC
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Scholastic achievement, of course, is not a single

M | d;&gg;gggnof sghool output. Litctally hundreds of instruments
. have been devised to measurec achievement in school. And
'iachievement as ordinarily defined on these tesfs is but one

] . aspect of the consequences of schooling on the growth of

- cognitive skills and personality. n addition to the effoct

of achievemént on economic.pe;formance in tﬁe post-school

yecars, we may be intcrested in.thé effects of schooling directly
~¢n an individual's.self confidenée, self—conceft, or his sense

Qf control over his environment. "Evidence of zero order correla-

tions among individual test scores, some of which are presented

in Table 1, suggests that the relations amchg at least some of

these measures are rather weak,

Thus the output of schools is multidimensional

with a vengance, and to complicate matters, therc arc no

§ convenient sets of ‘'prices' with which to aggrcgate the

? » - output. Of course, few problems would arise if we found that
the technologies for the production of each dimension of the

3 " output were roughly similar. This, however, does not seem
- ;L . »d form equation (2)
to be the case. Estimates of the reduce q

in which the dependent variable is a measure of scholastic

achievement, differ considerably from estimates in which

o PR o P A
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10 | Table 1
Zero-Order Correlations Among. Measures of School Outputs. | ]

Twelfth Grade Boys, . - o o o
v.s. | R ”

1. Information Total © .23 .65 .76 ' .54 .19
L 2. self-Confidence .. a7 a9 .09 .1
L 3. English Total S 1 .46 .26 |

? ; -4, Mathematics Total o S .57 .20 ;
{; 5. Abstract Reasoning S I | o
%ﬁ . 6. Clerical Checking | 4

4 " - 7The test scores are described in Project Talent ),

1 - Flanagan (1964).

&




'an index of the stﬁdent's sense of control over his environment

" is the dependent variable. Production function estimates for

~ tunction, but many, which, along with given resource endow-

. "‘ i ] M e ' Y * . , A . N .
mants and ‘budget constraints, could determine a production

.pOSSibilitY:SCt fotftﬂe

ative importance of the various dimensions of school output,

ditions

, | . «17-

different types of scholastic achievement differ also (see Part

VIII).

S ————— o |

'Apbérenfly we requife not just one production

e am—— S —

écﬁobil ”Tho'productidn possibiiity

scp,_along,with a social welfare functidn}indicating the rel-

wiutld then form the analytical basis for fesoufce allocation

in the school, 10 .

| at 2at et e it e &

For the purposes of poiicy'making; we are parficularly
'1ntorested in the structural paramcters of the production func-
tion-(z), éér‘under ideal conditions they may be interpfetqd
as the marginal products of the inputs in quéstion, that is,

We may use this information to move in the

MF a3 }A b.\J =

) J°
divection of optimal input proportions as defined by the con- | ]

11

10The,social welfare function would presumably reflect a combina-
tion of societal, parental and child interests.

'110f course, we are here accounting for only one output.

R e TR P s
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(3) | j

3 " for all pairs, j, k
' However, difficulties arise when we seek to compare the marginal
products of the same input for two different groups of students.

We find, for example, that the estimate of the structural param-

' eter relating to the verbal ability of teachers as an input into

an achievement production function is conSiderably greater for
black twelfth graders in the U. S. than for whites. Can we infer

'from this that verbally adroit teachers ought to be shifted from

white to black districts?

The output measure is ordinal; there is no zero point and
‘no well defined unit of measurement for achievement. 12 Thus,
'while the marginal rate of substitution in production -—.repre4

sented in the additive linear form by the ratio of regression

coefficients of any two input factors -- is still a valid analyt-
ical conceot, the absolute magnitude of the marginal product is
not. Among students scoring at very different parts of the
scale of‘measurement, equal units of increase in scores are not
comparable; for example, it may be "easier" to make gains at the
m}lower_end of the scale than at the upper end due to a so-called

‘ceiling effect.' We really need to know the relationship 1

i

e e el v ey P . T N " e 7 ———

12At least one writer has constructed a cardinal: index of
achievement based on the size of vocabulary (Bloom, pages 103-
104) Whether words known is linearly related to anything impor-
tant is not known. For the concept of a zero point, see Thurstone,
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ﬁetween our output measuré, A, and measures of directly desired
performance, such as earnings.
Althougﬁ there is some evidénce of a linear relation
betwéeﬁ gchievement and éarnings, it is certainly not’sufficient
to justify much confidence in a cardinal interpretation of

measures of school learning.

)

-

A further problem remains. Our output indices are subject
to some error -- that is, test score = "true measure" + error,

and, consequently, var(test score) = var(true measure) + var

'(errorj. We have no idea of the Qalidity'of'the test -- that

is, its'cbrrelation with a hypothetical frﬁe measure. But some
idea of the magnitude of the error may be gainéd from estimates
of the reliability of the tests. The reliability of our tests

is in the neighborhood of .QfL?Taking this as an upper estimate

of the validity, at least 19 per cent of the variance of the test

scores is due to test errors. Assuming that the errors in test

measurement a¥e uncorrelated with our explanatory variables,
even if our explanaﬁory variables predict the trﬁe measure with
perfect accuracy, a validity of..9 impbses an absolute maximum
proportion of variance explained by our équaﬁions of .8l. 1It

will be seen below that the actual R?'s are considerably lower.

!

l3Although there are various ways of measuring test reli-
ability, we may convey the essential meaning as the zero order
correlation between scores on the odd and even number gquestions
of the same test or the gero order correlation between two
versions of the test given to the same irdividual at roughly

the same time.
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V. »MEASURING fHE STUDENT INPUT

An achievement score must be considered a measure of gross
‘odtpqt{ Our goal is to estimate the.relationship between sehbol
.' inpute and ggg;output, or value added.. fo: this we need a measufe B
_ef the.raQ‘material inﬁuts, i.e.; student ability,lor, alterna-

tively, ﬁhe,level,of learning upon entry to the school in question.

The prdblem”ie that all measures of relevant student
: ,'ability"depend heaVily on previous learning, and are hardly -
.'distinguishable from measures designed explicitly to test

scholastic achievement. 1Intelligence, as measured by the
. . | , )

~ stdndard I.Q. instruments, is a developmental concept for

measuring general learningul4 Moreover, most I.Q. tests depend

heavily on verbal facility, which is probably a good reflection

of general school learning, and which apparently develops k é E

15

similarly in all children. Evidence that ‘abilities' measured %f

in IQ tests are in large measure a product of the educational

‘environment is suggested by Table 2, based on a study of identical

twins who were separated prior to age three. OQer 60 percent of

the variance of differences in IQ can be explaihed by differences

in the educational environment. The physical and social environ-

ment together explain less than a third of the variance of the 1Q
| ' .

- differences. There is substantial further evidence on the lack _ ﬁ

145ce Hunt.

15Bloom, pp. 71 and 104, o L ff




- a). wpat§w§rom Newman, Freeman, and Holzinger (1937).
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Table 2
The Effect of Environmental Differences on I.Q.
. . Differences of Identical Twins Reared Apart?
Euvironmental _ B I :
Difference - Effect - .t statistic
‘Kducational S .66 a2
social s | 1.6
Physicai o .19 D 1.3
: a2 .70
d.f. | 16

__b) _ Normalized Regression Coefficient.of the Environmental
‘Difference in an equation predicting I1.Q. differences.

e ot Aaom T o=~
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-G indcpendence between measures of ability and school 1ea’rning.16

If 'ability' is not an operational concept in'this context,

i | --~how do we intend to interpret the raw material input of the

s:'8chooling production process? As we are interested in measuring
~#Chool learning, it would seem reasonable to use tests of learning

P | administered at grade one as a measure of raw input. Beacuse these

. first grade tests clearly measure the combined effects of genetic -
wability'and'environmental'influenées prior to age six, tﬁey are

exactly what we need. Thus, our basic equatioh‘is:.

| @ A efxg, ... X, A,
where subscripts on the achievement variable refer to the grade
at which the test is taken. In order ﬁo estimate‘a function of
this type, we need individual test scores for students at two

| different levels of schooling. Wﬁile some date of thie tYpe
. is curtentiy a&ailable} end more~ie on the way;17'wa are

generally forced to rely dn cross-sections. o

If (4) is the correctly spec1f1ed relation, and we are

forced to work with data which do not include the first grade

scores (Al), we may be able to estimate the unbiased regression
coeff1c1ents of (4) if we have 1ndependent ev1dence on bl 127

the regre551on coefficient of Ay in equation (4), as well as the

estimated equations:

' 12
(5) A12 = f (Xl, o s oy Xv)

= fl(xl, C s XY

- (6) A,

The unbiased estimates of the regression coefficients of (4) F

17from Proiect Talent. for example
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_are then
NI LR el N,
f,'whefe o "
Giz, bi .are the estimated regression coefflclents of
X; in equations (5) and (6), respectively.
This approach is equ;valent to Theil's method . of'esfimating

. the bias due to speczflcatlon error.18

I have assumed that the relationship befweén first grade
-aqd twélfth grade scores ié sugh that a student scoring one
standard deviation above the mean at grade one will, ceteris .
paribus, score .5 sténdard deviations above the mean at grade
iz.‘ Thus, . |
" (8) b .5(°12
where
| ibl' 612 = the standard deviation of achievement
scores at grades 1 and 12, respectively.
This.figuré is somewhat arbitrary. It is based on two sets of
. data. Fifst,,lonqitudinal studies of #cholastic achievement’
scores sugéeét é simple correlation between'early and lqte |
" scofés in the neighborhood of .6 to .9. Most of the studies
kcbver substantially less than twelve years, SO'we may suspect

!

that the simple correlation of scores at gréde one and twelve

leThe11 (;957) Our method is based on the assumption that

the function, f, accurately represents the relationship between
each X. and first grade scores which prevailed at the time of
their gchool entry, and that the vector X « «o X_1is the
- same for a given student at grades one an& twelv

v
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hould be somewhat iower:.l9 Moreover, the simple correlation is not

the appropriate evidence, as we seek an estimate of the partial

. effects of differences in A; on Ajj. To the extent that students

who initially score high on tests are exposed to a better learning

_environment, the size of the above reported correlations exadgerate

the normalized partial relationship between initial endowments
and latér’scho%astic achievement.
The second set of data shows that group scores of students

classed by socio-economic cétegories show roughly constant

[patterns over the years of échobl.. Groups who begin schpdl a

standard deviation below the mean end up tﬁelve,yearsilater in

roughly the same relative position.20 ~Given the dbserved differ-
ences in the qualtity of the learning environments of these
various groups, we may infer that the partial (normalized) rela-

tionship between initial scores and 12th grade scores is less than

_dﬁity. The choice of .5 is maybe too low, and reflects a desire

not to ovércorrect for specification bias and thus underestimate

the importance of social class and home environment in the learn-

ing prdcess.21

1gaésed on 41 longitudinal achievement score correlations reported
in Bloom, pages 106-109. The correlations for more widely separ-

‘ated years occupy the lower end of this range.

20Coleman, et al,, Ch. 3.

21 o, .
All of the achievement measures are subject to error. At grade

one the reliability of the achievement score used (verbal ability)
is .78. If the validity of this score is only slightly below its
reliability, the portion of variance in Ay due to random error is
.5. Thus our wmethod is equivalent to assuming that the normalized
partial relationship between the true measure of initial endowments
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We aésume that the function,vfl (equation (6)), will con-
éist éntirely of arguments relating to the social class and home

'background of the student, since school inputs could hafdly

. e T .
effect scores on tests taken at the beginning of grade one.z2

- 22

- There is ample evidence that grade one achievement scores are

‘associated with measures of student social class. See Bereiter,

Gray and Klaus, Pasamanick and Knoblock.
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- %I. MEASURING THE LEARNING ENVIRONMENT OF THE SCHOOL AND THE HOME

a—— - o R e © e

We aim to estimate the effect of school 1nputs on
the value added of schools. 1In order to isolate the impact
of schools,‘however, we must specify as fully as possible all
of the env1ronmental 1nf1uenccs on learning, that is, 1dea11y,

tho homo and ‘the students peer gronps,'as-well as the schonla

.fA-cOmplete‘specificaticn of the model is particularly impor -~

l

tant in view of the speCLflcatlon blas llkely to arise
because of the close assoc1atlon found in most samples between

chool and home environments Wthh are conduc1ve to learnlng,

¢

We may derive some suggestion of nhe relative
nffects on learning ef various dimensions of the individual's
envir?nmentAfrom another study of identical swins reared apart,
'In this case»we use differences in achievement scores (Stanford
'Acﬁjevement Tests) for palred 1dent1ca1 tW1ns.as the measure
of dlfferentlalliearnlné.ﬁvThe relaalenshlp beéneen en;;}on~.

ment and learning is suggested by Table 3. Even more than

the analogous table fer IQ differences, the educational en-

vironment is of paramount importance. It alone explains moreo

than 80 per cent of the variation in scholastic achicvement.
, ,
While this is hordly surprising, the insignificance of the

social and physical environment among genetically cquivalent

i m—— R




Table 3

The Effect of Environmental Differences on Scholastic
Achievement Differences Among Paired Identical
| - Twins Reared Apart? -

e s e i e 4 e e et Wi eeee s iisame e e e - e e eae e e e

~Ehv1ronmeptai Difference = f\Effectb t statistic

- P _ e b - e -

' Educational - - .899 - 7.69

_Physical - . ,001 . 0.0l

c e

 soeial . .024 o2

s a)

b).

R? o _{,’;L - - .82

a.£. 1S

Béséd on data ofrFfeeman,‘Newman, and Holzinger'(1937).

Normalizéd regression coefficient of the environmental 1
difference measure in an equation predicting achievement .
differences among paired identical twins. o | E
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individuals is striking. Of course, the environments in
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question may have been very poorly measured. Nonetheless,
theufinding alerts us once again to the dangers of speci-

fication bias in equations with no measure of initial endow-

) _ment; and suggests that much bf the importance of social class

{n school Learning apparent from cross-section studies may

rofiéct géneficldifferencéé associated with the educational

and sociaI.Charéctéfistics éf thé studént's_family;
'%  pé£'u§'b¢gin by askiné whaf aspec£§ of-the'studéﬁt's

cnvironment could have some effect on learning. A brief

o 'survey of the literature on learning suggests that the major
fcharacteriStics of an environment which will effect the devel-

opment of school achievement (Ss well as general inteiligence)

include:
a. the quantity of verbal interaction and communi-

. cation with adults:'

b. thé"§651i£§ of verbal ihteracéion and communica-

tion with adults;

 c;’ the ﬁdfi?é%ion for achie?éaént and understanding
.in the env;ronment:

‘d.‘ the richnesslof and degree of opportunity to

explore the physical'environment.

23Alone they explain only .13 of the variance of achievement

differences.

R I e
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‘ o Our meésupes of these dimensions of the environment
ae for from adequate, although dago do exist which allow us
to ottompt an empirical implementation based on the above a
priori sPecificatﬁons. Moreover a number of rcésonably well
established relat}ons in sociological and psychological research
will assist us inlimplemenping the model.

Beginnihg with the non-school environment, we may

' represent the quality of the verbal interaction between chil.
~and adult by a measure of the educational level of parents or

'  quardians. 24 Family size, as well as the number‘of adults

living at hoﬁe,provides a measure of the quantity of“inter:wam‘””f

|

- action and communication. 25 If we restrict ourselves to

R L SR S P —-

— ety —————y e b et mv—. o . - ——— e -

‘variables which can be regarded largély as exogohous,“fhe
motivation‘for achievement may be indicated by parental

: ' - 26 .
.attitudes concerning the importance of schooling, as well

o e

24On the importance of language modelé, see 0Olim, Hess, and
Shipman, and Jackson, Hess, and Shipman. : ‘ '

2Sanastasi. - | i

26Althoug'h we are not able to include this variable in our anal-
ysis below as we have no adequate measures in our sample, at
least one study, which sampled the parents as well as the children,

- has confirmed the importance of parental attitudes toward schooling-—-
See Peaker. Of course, parental attitudes must depend in some
degree on the particular school in which the child is enrolled.

Thus parental attitudes are not unambiguously exogenous.
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a3 measures of the potential objective importance of education
in the life of the student. The race of the student may,
among other things, constitute a measure of these expected

returns, for we have compelling evidence .that the economic

‘returns ' to schooling at the elementdry and secbndary levels

are signifiéantly less for black than for white children.2?

";Héwﬁégagg-éfvﬁhé";ﬁYSical enQironméﬁg_bf ﬁﬁe héﬁevmé;wbe
‘measured byfthe quantity of reéding material‘iﬁ'the home, the
parénté' cccupatipn or income, or.proxies_for thgée‘vafiables,
suéh as measures of the.éuéntity of consumer dufables in £he
home; Evidcnce of‘é relation between malnuﬁrition (primarii§
p;otein.déficiencyi and learning'difficuities shggests that
measures of thé physical environmgnt may serve'as proxy .for
aéspects of. the physical development of the child rélated'to
iearnipg, particularly for very poor children. |
/ '.i number of authors have attempted to take éccount
|

of the home and social environment of the child by stratifying

their analysis according to social class.28 Available evidence

- . ' " -

its associated impact on children's motivation is in part a
cultural phenomenon, likely to vary among ethnic groups. For
convincing evidence in one case, see M. Gross,

2 | ' | | c .

8For example, see Kiesling and the U.S. Commission on Civil
Rights in their study of the effect of racial integration on
scholastic achievement.

Weiss, Hanoch. 'Differences in family interest in schooling and

LT e an o ot
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suggests thét although this technique is certainly useful in
rodu01ng the multlcolllnearlty among the explanatory variablos,
it is a thoroughly inadequate representation of the non-school
effects on ieérning. Peterstn and DeBord, for example, found
‘that within two refined subfstraté(White and bléck lower |
“éiaégfﬁfbaﬁwtﬁiidréntih the éoutherh tegioﬁ) variables mea-“'
 suring home environﬁent and4parent-child interaction explaiﬁed
.56 (whlte) and .66 (black) percent of the varianée in.achigvé-‘
| ment scores. 29 The predlctlve powet of dlme551§ns of home
cnviroﬁﬁént within'narrowiy'defined;social Strata suggestst"
lthat an'analysis ﬁsiﬁg no other coﬁtrol‘fpp social envirbnment

vwill_be subject to serious specificaticn bias,30 :

L iemmmme— s 8 e bms m o 8

We may»proceed 1n roughly the éame manher (although
With'less confidence) with the empirical implementation of the
model of the school environment. The quality of the intér-
'action'betWeen.adults and thild may be represented by mea-

- | . |
sures of the educational level or verbal proficiency of the

e ——— .

Mk
T P

29 * P
Of course, the Peterson and DeBord flndlngs could result from

collinearity between the home environment and school inputs to
which the children were exposed. This is not likely to explain
the entire result, however. Within a group of black sixth grade
students in the third socioecnomic quartile in a large North-
eastern metropolitan area, Levin found that, in addition to
-various school input measures, a number of home measures were

significantly related to scholastic achievement. His findings
are as yet unpublished.

30 »

The strength of the measured relationship between school in-
puts and achievement observed by Kiesling is probably due in
part to this bias.
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*.‘teachers. The quality of the interaction'may depend‘in some

- degree on school policies, which may be represented by'a host

of imperfect measures of such aspects Of school environment as

the breadth of currlculum, and the amount of extra-currlcular

"“act1v1t1es. TAe physical enV1ronment of the school may be

yepresented by measures of spec1a1 fecilltles (labs, libraries,

g etc.).

Table 4 summarizes our model of environmental influences

;,'OQ learning, and our proposed empirical implementatidnsef tbe

 model.

‘Notice that even this partial specification'of.the41earning
. | SR : | : , : -
environment includes 14 measures, many of which are highly

! . ' o . . ’ . o
correlated. Thus serlous multlcolllnearlty problems arise in

it -

the estxmatlon of a full model of the type speclfled " In order

to estimate the%above model, we need to reduce the number of

-
o

‘ifvariables so as to simplify the presentation and bring the

multicollihearityﬁproblem-within tolerable limits. That is,

‘rwe would like to replace the equation_.

(9) "'““‘-“"‘"-"'m-»- e e e

A= f(xl, cecy xv)
. by

AT FEI(XI' Tent xv), gZ(xll'-'°°o xV)' oool.%(xl' .“?va)
(10) .

where h¢v.

ore

3
:

;

L - '
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‘%ﬁﬁgﬂwe ma;hwish to definéda new variable, sa§ "teacher
qQality" as an aggregéﬁe of ihdividual variabies measuring
the teacher's vefbai ability, yearS»of'schooliﬁg experiencé,
certifiqation, and éo on.. If a,Signifi&ant degree of multi;
.collinearity‘arose from intercqfrelatiqhs within the‘set éf

‘ :y$ti§b1es whi§b form fhe éggkegé£e &ariéblés,'the problém
wili;be redpced and Ehé new synthetic vafiables,fepresehted by
gll'f; gv;ﬁay be sufficiéhtly orﬁhogoné;ito‘allow successful
ggtgmationof the :elationship.  The precise.gr¢ﬁping of-
facﬁors is, of coufse,_determiqed by mdfe fhan_the desireﬁ
to reducgIﬁulticollihearity,.although the.usual aggregation
rules do.not éeem particularly helpful here, as we haveiab-
solﬁtely no knowledge of thevmatrix of second derivatives
and cross-derivatives which would ailow us to make use of
tme.'v

'We have no previous results or compelling theory

which provide guidance in how to aggregate. In situations in

which all inputs are priced in the market, and the assumption
. of maximizing behavioriis'somewhat more plausible, we ordin-
arily use factor or commodity prices as the basis of aggre-
»gation/ as in the measurement of "capital" or intermediate

inputs. PFoailure to appreciate the importance of these assﬁmp—

it e R | AR
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tions in the valldlty of any monetary aggregate in productlon

heory has lead to the frequent use of what might be called

spurious factors in the analysis of school inputs, such as

expenditure per pupil and teachers' salaries. In my own
] .

estimates, (for black twelfth graders) instructional expendi~
. : ' | : : ‘

ture per pupiliis in virtually no case significantly related
to achievement in a properly specified mode. Yet most,OE the

 factors which are purchased with the expenditure, and which

'account'fof its'variation, such'as'tgachér qﬁality énd.SChool
facilitieé, éhéw a st:ong_relationship with achigvement.  Sim—_
K ilarly, whereas'teacheré' salafies_alone explain only_.OOBS df
- the'yériancé 0f!achie§eméht,'the two facto;s most ciosely re-

lated to varaiations in teachers' salaries -- teachers' verbal

abilities and years of schooling -- explain over four times

~ as much 31‘ All of this simply suggests that SChool administrators

are using their resources efficiently as far as the prodﬁction of | .
‘scholastic achievemant is concerned. 32 Thus the use of monetary | |

[

= aggrégates is unfounded in theory.

31 | o
In each case I am referring to the increase in the coefficient

of determination in an equation already including measures of
social backgrouhd and non-teacher school inputs, as in equation

~ (5) on page 22, See Levin for an analysis of the relation between
- teacher quality and teacher salary. These two teacher attributes
(verbal ability and years of schooling) explain 60 percent. of the
variance in teachers' salaries.

{

32This inference is supported by a comparison of the estimated
marginal products (£f.) and the supply prices for various teacher
attributes. (See Lealn) Calculations of the cost of unit in-
crease in achievement through increases in each factor based on
these estimates show that for the sample under consideration,
increases in teacher's verbal ability are more efficient than any
- other dimension of teacher quality, by a wide margin.
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- o In our sltuatlon the best avallable method seems —%e
to be to attempt to'identify the underlying dimiensions of the

anut structure, both by a priori and emp1r1ca1 methods.

- uav1ng done thls, we would like to select a variable, or an
1ndex based on a number of varlables.to represent each dlmen-
,'7-81on. Our a. prlorl speclflcatlon suggests that we have

;Loughly four lmportant dlmen51ons- teacher quallty, teacher

S quantlty, school pollcy, and phy51ca1 fac111t1es. One pro~

r

fhf;cedure would be to assume that these represent the dimensions

408 of the 1nput structure, and to select from each set a varlnble

'“lo reprcsont tho underlylng 1nput Thus 1t would be p]auslblo

v . smmmmant e iveeg v e .. R T TR

“ta;to represent teacher quallty by the teacher S score on a

verbal ablllty test, at least when we are predicting verbal
achievement, and.So‘on;

‘However, we may combine our preconceptions based

~on previous research and learning theory with an empirical

ahalySis of the structure of our data, using principal com-

' ponents'analysis.33 Although our results below are gener- ’ i

.
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ated thhout the ald of pr1nc1pa1 components analy51s, I am _ | 1

'j currently experimenting with this approach. | : é

ALeaving the problem of aggregation irn this unsatis-
| th factory state, let me ask how well we have measured the envi-

-ronmental influences on learning, particularly as they relate %

S 33This is the method used by Kiesling.
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1 é to the school. The answer "not very well" stems primarily

from threec problems: a) our home and school variables fail

Lo capture the complexity and richness of the interactions

A ~+ processes which are relevant to learning; b) we have ig-
‘ _

nored significant differences in the education offered within
the same school; and c) we have measured inputs at only one

A poinﬁhof time, while the learning process must certainly be

] o cumulative and therefore depend in some degree on past as

[ L L .
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well as contemporary inputs.

Purning to the first objection, our measures of
gocial class, family size, class size, teacher quality and
j ; - school facilities do not measure the quantity and quality

] of interaction as relevant to learning, but provide only'

crude measures of a few of the opportunities for it. ;Two
recent studies suggest that the crude measures are a poor

substitute for measures of actual observed pattérns of inter-

] ' action. On the basis of highly detailed interviews with 60

1 parents, both Dave and Wolf " found that their measures of home

environmental effects on intelligence and achievement explained

.57 and .64‘df the variance in the attribute méasured.34 The

b t I

34Recal]_. also the Peterson and DeBord study, op. cit.
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E. crude home environment measures used in our study explain about

10 percent of the variance in individual achievement scores;

. Presumably analogous studies of actual classroom interaction would
reveal that our school measures are a poor representation of our

“basic learning model.

. The second'eet>of‘problems arises'pafticularly Whetc

tracking is widespread and the differences in the education

com st i

recelved W1th1n the same 1nst1tut10n are so great that we
- really.havevtwo or three schools W1th1n.the same bu1161ng.35o

= et o W St £ me £ e s e e e e 44 iy A s et S g #1470 B0ns 8 s et 1Tl e e e ety

Moreover, dlfferences in teacher and admlnlstrator attltudes
~and expectations toward children differ cons1derab1y W1th1n

a school and even within a‘given classroom.as& One recent

- e et - [ . B .
! T -

study’ (Rosenthal and Jacobson ) - suggests that teacher

expectations have a significant effect on learhing, at leaet

in the early Years of school. The specification etror intro*
'doeed by the faiiure to measure these within-school and'within~
ciaseroom differences in inputslis»particularly serious be-
cause of the correlation of these differencee with other of
'our explanatory variables.. Because low eocial ciass and.

minority racial or ethnic status are closely associated with

5 . : ) . ‘ | .
Differences in the quality and quantity of school inputs received

within the;éame school are documented in Hollingshead.
|

s | | | |
See Davis and Dollard, pp. 284-285, and Warner, Havinghurst
and Loeb, as well as more recent studies by Deutsch and Wilson.
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learning development over the school years suggests that this

T ,‘ E

B

.-a@ within-school deprevation of school inputs,37 - the estimates

of the parameters reflecting the impact of social class and race

are biased upward. Further, because of the serious errors intro-

?‘ duced by the school-wide aggregation of the variables measuring

school inputs, the estimated effect of the school environment is

biased downward 38

Our thlrd obJectlon, agalnst the sole use of contemporary

- ~inputs measures, would not be serious if'children did not move

| from school to school, and lnputs were roughly unlform throughout

all of the grades up to the one for which the productlon function
is being estimated. Of course, the world is simply not llkevthat,~
and I think we sometimes underestimate the seriousness of this
problem. In a sample of black sixth grade students in.a North-
eastern metropolis, 57 per cent had attended more than one'

school since grade one, and 29 per cent had attended more than

two. 39 Evidence from a number of studies of the phasing of

problem is particularly serious, as patterns of achievement

are apparently established with a high degree of stability in

the early grades. Scannell, for example,’found that

37see the evidence in Hoilingshead and the more recent studies
cited in Rosenthal and Jacobson. :

7

81n a study in which within-school variations were measured,
Peaker found that school inputs were considerably more impor-
tant in the determination of school achievement (relative to
other influences, such as home background) when within-school
variations in these inputs were taken into account.

39Work in progress by Henry Levin and Stephan Michaelson.
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' scores on fourth grade tests (Iowa Tests of Basic Skills)

- explained half the‘variance in test scores (Iowa Tests of

Educat:.onal Development) in the twelfth grade 40 Cardinal

measures of scholastic achievement based on vocabulary tests

' suggest that about_two-thirds of what is known in grade twelve
“”waé”alieady”knbwh”ih”grade"six;' On the presumptlon (which
,‘seems to have currency among educatlonal psychologlsts) that

l?'the effects of env1ronment on learnlng are potentially greater

‘durlng perlods in which the most learning takes place, it

- would ‘seem that measurement of the 1nputs in the early grades

| would be essential to the pred;ct;on of achlevement at the

41
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" The relat;ve 1mportance of the early years in the

learning process suggests one last question: how much impact
on measuredllearning can we expect schools to have? ' During_

the elementary and. hlgh school years, children ordinarily

' 6
spend con31derab1y under a quarter of their wakeful hours in

school.. Moreover, Bloom (1964) suggests that about a thlrd of

adult ‘learning is achieved before age six. His survey of thc

impact of extreme environments on learning suggests that we

might expect changes of 1.25 standard deviations on the usual

tests due to environment from ages 0 to 18 which is consistently

0
Scannell° Bloom summarlzes the ev1dence on the stability of

; achlevement.

41 9 ..
In the absence of a time series of school inputs, it might be

. advisable to concentrate on the estimation of production relatlons
in the early grades. :

i




ST R T o T T e e T T T T T,

-4 1=

é; . very conducive or prohibitive to learning. And if the school
f environment islapplicable to an age span in thch only two-

| thrids of the lea;ning takes place, and at that for only part’
of the time, welmight régard ah impact of less than a standard
deviation as an expected effect of a'very éood or a'very bad

school as opposed to an average one.
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 VII. THE PROBLEM OF NON-RESPONSE

To complete the survey of problems in the estimation of
educational production functions, I turn finally to the statisti-

cal shortcomings of the available bodies of data. Although I

- will later make use of data from the Office of Education'stquality of

Educational 0pportunity.Survey, I will not undertake specific
analysis of the statistical properties of these data. 42 Rather,
I W1ll concentrate on the data from the main sample used" here -

the males who were high school seniors in 1960 and who responded

~ to both the initial 1960 Progect Talent survey and the five-year

follow-up survey. I will consider three distihct sets of prob-

lems: non-response of schools in the initial survey:; non-response

of individual students in the'fiveéyear follow-up; and non-response
-on particular survey items by individuals returning the follow-up
questionnaire, T

a. 'ﬁon¥response by schools.

The sample is based on a list of public senior high schools
(i.e., all schools including a 12th grade) compiled by the Office
of Education...These schools were'sorted‘by states and arranged
by the nine U.S. Office of Education Regions. The five largest
cities -- New York, Chicago, Philadelphia, Detroit, and Los

PURPURIRREIS NS

Angeles -- were treated as a separate Region. Within each state,

The interested reader is referred to Bowles and Levin and Mayeske.
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| || schools were sorted into four size categories:

“ “,', ,‘ Qg&ggggz_' Number of Students in Grade 12

3 i R - | 0 - 24
- | 2 25 - 99

400 and over

leferentlal sampllng ratlos were employed 1n order to get

f a sufflclently large sample of large schools. A random sample

'”;{of 1 in so 1 in 20 1 in 20, and 1 in 13 was drawn from each of

p,the four size categories, respect:.vely.43 Of the 1,063 senior hlgh
’nfschools selected in the sample, 987 eventually returned usable

N daLa. Thls 93 percent response rate suggests that school non-

'response is a relatlvely minor problem in the Project Talent data,

b an—response by 1nd1V1duals in the five-year follow-up.

There‘were:30,165 male seniors sampled in 1960. only 15,975
;‘l.aresponded to the five-year follow-up survey.. The 47 percent non-
;response rate.alone is enough to cast serious doubt about the
;f'ﬁ usefulness of the data, Moreover, we have reasonably good evidence
| '_that the pattern of non-response is not random. Table 5 presents

- data on the distribution of the talent five-year follow-up respon-

dence by race, region, occupation of parents, and urban/rural

3The above description is based on Flanagan (1962).
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;?wresidence. These data are contrasted with the distribution of

enrolled 16- and l7-year-olds in 1960, according to the U,S..

,5_‘Census. The cerrespondence between the Talentldefinitions and
the‘Census definitions is net exact. Moreover, we are unable
."td'determine'the extenﬁ to which the discrepancies between the
?elent.distributipn and.the'Census distributions afe the
. result of niases in the iniﬁial'ialent sample, as opposed to
non-sandom non-response on the fise-year.follow-np. ’Nonethe-
less;_the data,in Table_S'do,indicate’thet.the males on the
.Taient five-Yeai foliow-up sampie are'notyrepresentative of the
total populatien. The discrepancy.for race is particularly
serions, there being only half as many.blacks in the sample as
would have;been expected on the basis of a random Sample. Oof
course, the biases indicated in fable's may beysurmountable by

the careful use of a weighting scheme, or preferably by strati-

‘ficetion of the sample. R
But it would be fortuitous if the non-randomness of response

were limited to these variables for which weighting is pessible

and stretification a plausible procednre. There i strong“eVi-‘

d&nce, for example, that the black reSpondents to the fiveayear

follow-up are characterized by higher levels of scholastic
achievement than would be expected on the basis of a random
sample. Data from the Equality of Educational Opportunity

Survey (EEOS) allows us to calculate the gap between blacks'




il Table 5 |
@ o Comparlson of the Unwelghted Project Talent Sample (S-Year Follow-Up ?
1 | of Male Senlors in 1960) with National Population |
| Characteristic % in Sample % in Population?

= ‘White - . ... .968 921

?:jfj ' A North , o . i o ,

k. (USOE Regzons) . ,760 7 .130

b R;chb |

f . (classified by | SR | |

il | . Pparents' occupation) T .603 , .581

aB'.ased on scﬁool enrollment of 16~ and l17-year-olds. U. S. Census,
1960. PC(Z)SA

8 | . b
f~!i | 0ccupatlons in Census :

RICh' skllled worker, foreman, clerlcal worker:; —sélesman,

- manager, official; proprletor or owner; profe551ona1
g B technical

‘Poor: farm owner and/or manager;' farm foreman; farm worker;
workman, laborer; service worker, including household;
protective worker; semi-skilled worker

‘Occupations in Talent

Rich: skilled worker, foreman; clerical worker; salesman;
official; manager; proprietor or owner; technical

'Poor: workman, laborer; farm, ranch foreman; farm, ranch
worker; private household worker; protective worker;
service worker; semi-skilled; don't know

‘cRegions classified as "North": Census: mortheast, North Central,
and west .
Talent: USOE regions 1, 2, 4, 7,
. 8 & 9 - New England, Mid-
east, Great Lakes, Plains,

Rocky Mountains, West, and
non-continuous states
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test scores and the average scores. Similar comparisons may be

made with the Talent data, using the reported scores from the 1960'
survey and the scores reeorded for blacks on the.fiveryear follow-
up. These comparlsons (using. Northern Blacks) are presented in
Table 6. ‘The unmlstakable 1nference is that the Talent follow-

up sample blacks are achleving much closer to the national mean

“than are blacks generally.

»
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] o " rable 6 - R ark
Relative Black and Total Scores,

3 Equalxty of Educational Opportunity Survey and PrOJect Talent Five-
1 Year Follow-Up of 1960 Male Twelfth Grade Students

. | Difference,
Tests | Difference . Standard in Black
- | Between Average Deviation Northern

cfe et De o gaore and Northern of Northern Standard Devi
| L : : Black Score® Black Score ation Units
oy @ (3) .
o | - (1)/(2)

J.];_gg§11ty of Educational Opportunlty Survey | . |
*Uf{Verbal Scale Score o . 16.3 ' - 14.4 | 1.12 .
ujnNon-Verba;‘scale”Score | f:;”'f:”:9-1 o B2 1.10

*f}fPrOJect Talent

‘ Readlng Comprehen31on (R250) 4.8 o ' 11.5 ‘ - .41

English Total (sto) 3 . 5.4 7 13.9 .38

e_Abstract Reasonlng (R290)_ | 1,2 o ” 3.05 .39
Math I (R311) - 2.3 3.4 .67

_ General Academic Ability (C002) 66.1 ©120.1 .. .55
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the Appendix of the Report.

‘total white score and the total black score, using as weights the
fraction of white and non-white 16- to 17-year-olds enrolled in

)school in 1960. Thevomission of non-black non-whites results in
‘fq: the Talent tests is from Flanagan (1964 ) ‘table 13-2, and

refers to all students taking the Talent test battery in 1960.

‘The "Northérn" Talent scores refer only to USOE regions 1, 2,

 "Northeastern." Evidence from the EEOS suggests that black

" metropolitan areas.

Notes tOo ‘rabnle ©
Y5

8pquality of Educational Opportunity Survey test scores are. from

bThe average score on the EEOS tests is a weighted average of the

l

a very slight hnderestimate of the average score. The average score

| - J

. !
and 3. To some small extent, the discrepancy in scores is due to

i -
our representation of "Northern" by regions which are roughly

students in the midwest and west in metropolitan areas score about

.1 0f a standard deviation below blacks in the Northeastern
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c. Non-response on particular survey items.
Not all of the students returning the five-year follow-up
questionnaire furnished all of the requested information.

Moreover, there are a substantial number of mlSSlng responses

'Aon the student 1nformation questionnaire administered in 1960

1

Table 7, which summarizes the extent of the problem, contains

_information on the number of respondents with no misSing data,

_and those With various numbers of 1tems unanswered The .

i

-amount of non-response by questionnaire items is also recorded.

—— s -+

The degree of non-response is substantial and again, ‘we
haVe compelling ev1dence that the pattern,is not random. Un-
fortunately, thére is no follow-up of the non—respondents from
the five-year follow-up.' However, for this particular group we
can infer‘a noP-random pattern of_non;response. A comparison
of achievement’test scores indicates that those not responding

to questions concerning their parents' occupation, education and

other dimensions of their social class scored on the average

lower than those who did respond.

- .

P, St Ao L R
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i,. Number of Respondents by the Number of Missing Observatlons A f
L | o

i . 1960 Male Seniors in Project Talent Five-Year Follow-Up
] —wmﬁm“m e e D B -
§ Number of Variables with Cumulative Number of
1 Data Missing | Respondents
] (Total Number of Varlables {Total Number = 15975)
= 124)
B (1) (2)
1 1 or. less 345
i 5 or less 2049
10 or less 3373
1 | 15 or less 6849
] 20 or less 10485
] | 25 or less 13571
] | 30 or less 14780
] 35 or less 15124
g /s ;
|
1 (.
, ]
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- - Table 8
.
|

5 -

.Number of Respondents with M1s51ng Data on Selected Variables
1960 Male Seniors in Project Talent Five-Year Follow-Up

TotalvRespondents = 15,975

‘yariable Numbe:mﬂ_;wi

Number of Cases with Missing

) -~ Data
7 - Class size, science and matn ~ l28l
10 Senior;class'siae élG?_“wm
17 Educational innovation 3l§
.21 Startxng salary, male BA w;th no ,4392
- experience |
- 25. Percentage of teachers fully 198
. certified -
27 Percentage in college preparatory 841
a45 Regular part-time teachers 325
52 Tracking 421
54 Percent of Blacks 1201 |
p 67A FatherfS'occupation 1291
67B Mother's occupation - 1159
68  Father's education 1274
69  Mother's education 11182
71 Own room, desk, typewriter 99;‘““‘“
72 Applian@es o Qgsﬁwwmw‘w
73 ™™V, telephone, radio, phonograph 1015;_W;MWMA
85 WwWith whom living | 1078
103 Starting'salary - monthly 3952
104 pay on October 1 - monthly 4006
107 Race 336
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SR - Various approédhes to the missing data problem have been
proposed.44 where the number of~fe$pondents with missing data

is small,'allkrespondents with missing data may_be eliminated from

the analysis.7 This method is clearly inappropr;ate here, as it
. would drasti&ally.feduqe.the.number of observatibns, to some
.extent'unneééssafiiy,.aé the numbef of variables retained‘in thé
"fihalianalyéis céh be éxpectéd.£q fall conéiderably Shorf of the
'3huﬁbe£ witﬁfwhich £he analysis is begun, ~Aiternatively,'oné may
? i&‘ ;estimaté'théA:egréssioncoéfficients of “y'é,ﬁb. from.the réla- -

.l .' 9 .: < .u.. . %
1§ tionship:

(l;). gov(xi,xj)b = cov(xi,y)

o e Tk s

where cov(xi,xj)' is the covariance matrix in which the (ij)th

é '~ element is calcdiatedﬁon the basis of observations for which data
on both i and j are available, and similarly for cov(xi,y), and

A .
b is the vector of estimators. This method is more flexible in .

E that it AIIOWS ekperimentation with,ail variables for all observa- }
E tions poésible._'It is pafticularly appropriate in attempting to .%
arrive atla éorrect specification of agwequation when there are a %i

; very large numbeJ of candidate variablés. However, Haitovsky's
| Monte Carlo sﬁudies have shown that this method yields seriously i

biased results when the number of non-responseé is high and the

patterh particularly non-random. Thus, although this methéd was

adopted in this study, the results must be regarded as provisional.

44See Haitovsky.
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« . &8s these estimates yield considerable insight on the correct
speclfxcatlon of the educatlonal productlon functlon, further

stmdles, operating with far fewer varxables. probably Should

'adopt one of the many method& of a331gn1ng values to the m1551ng :
_,ldata.
In '.l.'able 9‘, I present data on the number of respondent.s for_

.whxeh complete 1nfbrmat10n.was colleeted on each pa;r of the

"
lI

maln varlables used in the analysls of the Pro;ect Talent data

fbr Blaeks in u.s. Offlce of Educatlon regions l 2, and 3.w

- Nb analogous data is ava;lable fbr the data from the EEOS.

[

P
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f. VIII. PROVISIONAL RESULTS: THE IMPORTANCE OF SOCIAL CLASS AND

L]

X have chosen three éii‘fetent measures of ouﬁput : | reading
eok-m:‘.ehean'sion. :.i‘.mtermediatey high school mathematics competence,
and a éouﬁosite score based on a ﬂumber of tests. The reading

o ceip:ehens:.&ﬁ test measures what is cqmﬁdhly_ known as ° a;:aéétﬂic

" ‘inteﬁiééncg. . a:ixfl is a"good predict’;or 6f sé:hpol success in an

o academic or, liberi'atl arts eufricnlum. | The m.ai:héﬁ\at ics score is
the sum of two t;ésst resuits. uath IX ané Math ‘III.‘ Thé'_fir:“st

\ n . )
i3

-;asutes 'agil;ievemeen;: in the mathematics generally offered up to

and including the ninth grade. Math III covers tcnpics nornialiy
:ineli:ded in tenth to twelfth grade mathematics courses, particu-

Jarly in cbllege preparatory curricula. Wwhereas the material in

the reading c:ompreehension test could easily be acquired outside
~ the school, it seems reasonable to assume that the abilities

- measured in the two mathematics tests are learned- in the class-

-

rom. The c»oﬁposﬂi:l:e test score -- Generai Academic Aptitude --
:  ~ is based on liine__ iﬁx_;xdividual'; tests, as list;ed in Table 10.
All of the van:iablesh appearing in the foilowing equations
~are listed in 1;ab1e: 11 albng with their means and standard devi-

ations. A table of zero order correlations appears in the
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~ Table 10 - e

’EQ.' Tests Used as Basis for Composite Score ~- General Academic Ability

weight .
in composite score

Mathematics

V‘EngliSh Total

Creativity

.
- .
.. : " -
( Math I
i - . - «

Math IT

Vocabulary I & II | fi .04

ﬂ% ) N _m-QAbBtract‘Reasoningk RS ,f;l;1-°4'<‘

Reading‘cQ@préhension i T JS;ZG' i

.06

o ; 12 R

’ » ...18 ’..'.'
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Means and Standarévbeviations ofﬁvarihbles
Black Male Twelfth Grade, USOE Regions 1,2,3

h .
- 13 . L
P ) . -
. .

- !

e RIRRO D e M R
et S 3
R
v
. %
b

-G

. TS T i — PR D <

Variable Name

" standard Deviation

Dependent Variables

. General Academlc Ablllty

'Readihg cdmprehensign'

' ~Math II and III

_ Startlng Mbnthly Salary |

Varlables_inglglgg

, .irather.s Occupatlon

~ Mother's’ Occupation

1 Father's Education

Motherﬂs Education'

'0wn Room, Desk, Typewrlterv 

]W1th Whom L1v1ng

“ Tv, Telephone,‘

Appllances,

“graph

‘;’ School Var;ables

‘:aSepior Class Size

Class Size,’ScienceandaMath‘

- ) ‘ . i N . -
'Educational Innovation Index

| starting‘Salary.~Ma1e;'B~A;”

% Teachers Fully CertJ.fJ.ed "
_‘% in cgllege Prep (plus 100)"» |

‘iTeachers grad Traxnzng/blass;,

,Track;ng‘

ismhgrof

Raaia, phono-

28.07
L 473.39-
T .84

. 369.12

| 6. 07f
<L_;a4 77i
a2
7‘[if3,64~‘
11,51
11476
13.22

‘iaféa}jjf»‘za
8 g4ja]
;a4448 07,~l
‘a3_96,47f'
13617
.49;4
e
'a *fa;45i?7 ‘

.. -11.54

. 120.14

.72

189.28

4,20

,{4132: 5

2.58

. 2.20

1,00

. 12.45

1011 .

XS

286,02

. 1.04
' 433;92;‘
"  11;03;
5 v
o

 38.54

L X T Ll 3 -




*ffather,'and a measure of consumer durables in the home. The

o occupatxon of. the father is the value of an occupatlon 1ndex

T — e -

The,estimate of the educational production function for

each of these output measures appears in Tables 12-14.‘.The

fOllOWlng aspects of the results are 1mportant.

The 1mportance of soc:al class. In each equation measures

~.of the student s family background are highly significant. Two

lvar;ables appear 1n all three equatlons.-- the occupat;on of the_

‘;~rscaled accordlng to the mean 1ncome 1n partlcular occupatlons.

ble 15 descrlbes the scallng method The'consumer durables

fiffvarlable is the sum of yes responses to questlons concernlng the

lnsppresence of a telev1szon, radlo, telephone, and phonograph in the

f“l.home. Both the father* s occupatlon and the consumer durable

;‘stariables are measures of famlly_lncome. It.ls interesting to

'ff?;ﬁote that,these'income proxies explain scholastic achievement

};¥fbetter.than variables relating,to‘the parents' education. Only

W;; in one'offthe three equations;is a measure of the parents' educa-

»r‘-'
AR DN
i

‘;f"tion,-? the mother's - significantly related to achievement.
A AsieXpected,‘the.family backgroundvvariables are more

dicloselyrassociatediwith’achievement-in reading comprehension than

W*Minllntermediate mathematics. In Table 16the sum of the beta

!

5i:gﬁfcoeff1c1ents relating to background as opposed to school charac-

Tf:ﬁfrterlstlcs are reported.
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Table 12

| An Educatlonal Productlon Functlon
Dependent variable is Reading Comprehension

igifﬁfi;lf;f»_";, Black Twelfth Grade students

- oy Gt w2 - ———

Y P DGR CED WD WU S -

Regre551on Coefficient
(t,ln parentheses).

,ﬁﬁeelndependent Varlable‘

Beta

—ly

et

0 5926

W,_-,_a,gp,;~u,,ra<zafzdt°‘34m”’~-'

T S .0.(1.7158)
'”féTVm Telephone. Radlo, Phono-"f_ 1f3.6l66f -
T s graph (4.5938)
 eﬁeTeacher s Graduate Trainlng/
- SR - Class

' 2.0403
(1.6698)

eéiesS°Si2é}yé¢ience.and Math ‘h€_0;4050f3’
T e e e J(~2.0607)* .

-t §- - P

-3 6627

T

e g ) et oy e

Co0.2157 |

0.1103 |

‘ f0.289§f:~..’
-0.1384

 -o.002

nt  -3.7117
.’igff?«(+0.3792):,1

0 2444

0 6493

e e e ki s s e e . e s e gt i —t e S o e

O Oy e

C e s e e it
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Table 13

| . An Educatlonal Productlon Functlon
Dependent Vareable is Mathematlcal Achlevement

-;Black Twelfth Grade Students

> R T . -l

B i s

-7m1ndependent Varlable S e s Regression. Coefflcment
| . L (t in parenthesee)

1. Patner's occupation . 0.0267

P T
T & P

3. Educational Innovation '“‘7?§ﬁ-* . 0.1l64 fmff*‘e '7ﬂ"°?1584'

7. (2.6506)

;é?f“Tra klng 'Q5e;§fgf@ffﬁeffjfy;[;§';6.2533' | 5.~ e[:ei _0.1213

' (=1.9089)

0.1562

'QfeTV{'Telephone Radlow Phono- | ".j¢7,g;1986- o g“‘~ vf0;3b65

- graph . (4.8456)

pfé;; Expendlture Per Student on Non- ?.‘v.0007< B o,

) Teachlng Inputsa - (2.6617)

fi;?@; Teachers wzth Graduate Tralnlng/ - .2227 “-_'~ o 0.

‘Class (2,8029)

' 3. BAge of Building 'v'~);]2‘";?“;o.0069- -0

- (=2.4809)

1711

1820

1559

i??;é&hstant - {,;-‘3;513591'
j;;;, IR . (-4.1429)
;nBHCMWMM“MeWW”wﬁwkewmuﬁ.zlgg

e

e et o B T T A TR ey HERPREYY A

;iﬁ number of observatlons see Table 9

Expend1tmre per student on non-teachlng inputs is a measure of

-expendmture per student minus a measure of the per student ‘starting

feﬁ; saldry of 2 male fully certified teacher.

s ompeazn I




R e
: 'rable 14

v o An Educat10na1 Productlon Functlon
| Dependent Vuriable is General Academlc Ablllry

‘1ndependent variable Regression Coefficient

. o | (t in parentheses)

‘1. Father's Occupation ' 5.9546
. e e EREEES S S (3 4707)
1. Eﬂucatio@al Innovation g‘f_ﬁ. . -8.5838
. ) | cLd - 4 N ", ', -‘ «’-.'n ) . T , Lt " ) (1.2645) ‘..
5. wrecking . - --47.1432
Lo e e (-2, 0648)
‘2;f TV} elephone,_Radlo, Phono-il” .ﬁfg‘,ii.9373 |
R graph L0 (6,5982) -
‘3;;'Mbthef's 0¢§upat1on~ - et ufﬂ?,_;2_5075'
R e O - “ e (1.5752)
6. cClass Size, Science and Math  =3.9846
© S | (~-2.0278)
4. ;Teachers W1th Graduate Traxning/ | 26.7528
o ‘ - SRR Class ° (2.1930)

,  %‘;a§39?4;
t,AQ;3§7O'
o e

01307

10,2082

.....

o307 |

‘Constant - -63.7764
R ";f“,(«o.Ssox)

e [    i?jfff   o. 3275 '}‘ B
\X X\ o 6274 o |

fnumber of observatlmns see Table 9

D
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'ralble 16 - —tl —

\ ) comparlson of <‘,ocm.a1 class and School Varlables

- - in the production Functions

. L i dependent variable

Readi ing Comprehemsion  Mathematics

sum of beta coefficients ‘ ‘A )
for social class va:ria?bles_.a - 0.6159 | | 4627
sum of beta coeff:.c:.emts : _ : .
for school var:u.ables ' - D.3514 -« 7987
aphe variables used are those which appear inTables 12-14.
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‘The imgortance of the school.

_,'a., ‘Teacher Qual:.ty. A vars.-able -easurmg; teacher quality —

‘, the number of teachers with g|raﬂnate training divided by the

.number of classes in the schcucl -_— Ls sign:.f;cantly related to
| “scholasl;:.c ach:.evement, althcfugh in the prodncf:.cm of reaﬂmg
V'comprehens:.on the re latlons‘h:.;p is rather weak. "l!'lus variable
,J.s such a poor measuze of what na!:.es a good teaclmer that our
results g:.ve us only the vz.guwest 1dea cbf the Jmpnrtance c»f teacher

coeffua;ents are surely underaest:nates. “ T o E

b;f c1ass s:n.ze. 'rhe aveznraqe slze of classes in the sc;ence

: " ‘f:. o and mathemat:.cs sub]ects is rns-lated to ‘scholastic ac)ueve-ent for

two of our three cases. !l"he 1ararlab1e is, of ccmrse. a general

-

‘neasure of class size, be:.ng uorrelateﬂ (r = 4522) with

. class s:.ze :m other subJects. Bonetheless. it secems soueuha"t
anomolous that the class size war:.able is ‘not significantly

B 'related to mathematlcs ach:.evemnt.

Av C. Educat:.onal Innovat:.on. An ::aﬂex of educat:.onal innova-
tJ.on was constructed tc measure the extent oiE innovation in hoth

curr:.culum and equ:n.pment. The index is based on the responses

| ;twh:.ch was completed by the 3chool ptuncapal or his staff:

: ' " to three J.tems on the General School Charac!.er:.st:.cs mwstxonnanre :

S

: ‘“ 'quahty as a determ:mant of sicholast:.c ac!u.eveu.nt. our regression




;!

—oB=

.« ., 1. "In wluch of the follow.\.ng areas h.as your grades 9-12
mchool taken part in a large scale i.nter-sysztem tryout of a

- specgial experimental curriculum?"* (m:esponse by subject: area,” or

*none*) ‘ |
| 2. "In whnlch of the t‘ollowlng areas ‘has your grades 9-12
. school or s<~hool ‘sys tem developed and tr:.ed out jits own spem.al
xperunental cuarrlculum"" (response by subJect_ area, or “"none")
. 4‘ *304 "Wh.a"ch of the follwiné statements best descril)e's the

c-urrent use (grades 9-12) of teachlng maclunes in yonr sc..hoo]\."

18 - ('l'eachz.ng maclunes may be thought of as 1nd 1v1dual self—ulstruc-
| tJ.onal dev:.ces wh:.ch automat:.cally prov:.de both 1earn1ng waterial
‘and answers to student responses. They do not include the usual
| e«ducat:i.onal f:n.lms, ‘glides, educat:.onal 'rv, etc.)" (response b;r. ‘.

level of use. 11nclud1ng "none")

8 The "“none* responses to the above three questions were sSummed

z:%nd sabtracted Lifrom ten to yield our index of educational innova-

. * . ﬂ . - i

tion. " In one of our three cases, educat ional innovation is sig-

| .‘n:.f;cantly related to aoh;evement It will be seen below that in
‘a second case (the product:.on of oeneral academic ability) .A- the
5 - educational innovation ‘variable is significant in a wore fully - - -
| speeified* eguation. It is likely, that some of _the apparent'
| mfluenc:e of educatlonal innovation is a reflectz.on of general
| | 0

: school atmosphere, the innovative schools being more open and

| exper:n.mental generally, not slmply with respect to curriculum and

o eqnipnient.




ﬁus our result wnay reflect a combination of genuine economles

- 'of scale which are «offset by ummeasured negative effects of the "y

4. Economies of Scale. 1In no case did the addition of a

' wariable measuring the ‘senior class size yield a statistically

e s:.gu:nfxcant mctease- in the fraction of varlance expla1ned by

t’he equation. Table 17 records the t—statlst:.c for the class

. size variable when added to each equatxon, along with the size
of the estmated eoc-'-ffa.cx.ent. Similar results were generated

. asmg the EBOS data. The fact that the est:.mated effect of

<

) c‘hanges in- sem.or class size 1s 1ns:.gn1f1cantly dlfferent from

ze.to is in confl:l.ct w:lth mch of the 11terature on econom.es of

scale :m secondary schoolmg.45 It should be noted that the

senxor class sxze is a reasonably good proxy for size of commum.ty.

-~

| center city school qnmruomnent. A non-linear re lationship between

 senior class size and ac!uevenent would seem plaus 1b1e even if

the co—m:.ty size could be accurately controlled in the equat:.on.

X have ot estimated the relat:.onslup with a non-linear senior

. class size variable.

5. School pol:.cy- tracking. The measure of school

ttachng is a dummy variable 1ndxcat1ng t'hat track:mg exists if
the school has two or more tracks. (a szngle track thh electlves
g is ml. tegarded as trackmg ) Imn all three cases, t:rack:.ng is

‘olmegatively associated with scholastic achievement. The predicted

45 o | .
' See-the work of J. Riew, E. Cohn, and H. J. Kiesling.




twstatiétics for SenibrrCIass Size variable

Dependent Vari

L. .

uathematical.Adhievehent

ading Comprehension

*Géﬁéral,Aéadei?c/ability -

- bt i L B e =

-—:--.—u“ .

Estimated Effect
of -Increasing Class

t-statistic o
| * size>on‘Achievement'.;‘

0.6927

. 0.1464

. 1.4199
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| level of scholastzc achievement in schools wzth trawkzng is .3174
3513, and 4085 standard devzatlons below those thch do not on |
m”»"‘the read;ng, mathematlcs, and composzte score, respectlvely. .Two
interpretatzons of thzs result come to mlnd. Both begln from the '
presumptlon that b,ack students are llkely to be on the average
»lower acnievers, and of lower soc1a1 class than their wh;te' |
ﬂ‘?t/schoolkmates.- The flrst interpretation is that traoking has'a
'negatlve effect on scholastlc achlevement 1n that 1t mznlmlzes
'jthe contact betw;en the students in our samplel and the hlgher
-;jdyachmev1ng hlgher class students lm the rest of the school."
(Af'i Thls 1nterpretatlon can be tentatrvely rejected as we wouldln
; lAth18 case cxpect that the ach;eveﬂent and/or class composltzon of

"the school would>produce a posmtlve effect on achzevement, holdlng,

constant the degree of tracklng. That thls is not uht case 1s"

A-hs;ndzcated by the fact that, when added to the above equatzons, the
‘ifvarzable measurlng the percentage of chlldren in the school 1n

7f;gthe college preparatory subJects is never sxgniflcantly related

”i;;;ito achzeveMent. o ’_ | - | i |

A more compell;ng explanatzon is slmply that the level of

J:_.resources devoted to a dhlld's educatlon is not unlform'thhln a

'“ﬁf school - 1t varies in part accord1ng to the track the student 1s
"in. Th;s dezng ‘the case, and recall:ng that blacks are dlspmopor--‘
- tionately llkely to be placed in the "slow" or otherwmse dls— |

advantaged tracks, we may 1nterpret the negat1ve coefilclent of
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"

- *trackzng as reflectlng the 1nf1uence of unequal school resources f
o b

. lwithin schools.' In schools thh trackxng, the black students,
””f@pr;on the average, receive level of School resources whzch falls

“';}st}short of the school average. .Thlsrls_reflected in their

;ﬁachlevement scores._*

'f‘fgig School Pollcles.f Integratlon.v When we add a varlable ]‘,H*Qﬁ”ﬁ

ameasurlng the percentage of the student body Whlch is black, we -

_.-.---..;.-..-.—m»-u P e ST

ﬂget*the results 1n Tables 18 through 20 .In two of the three

ffcases there 1s a SlghlflCdnt negatlve relatlonshlp between the '

}.

;level of achlevement by our sample of black students and the pro- .
S , -

,bortlon of the student h@dy Wthh 1s black.v leen tne fact that a ;iflff
;measure of the soclal class and achlevement levels of the\school
y;(percentage inpcollege oreparatory sub)ects) is not slgnlflcantly
firelated to black achxevement,rlt 1s d1ff1cult to 1nterpret thrs |

i

?result as’a peer effect involV1ng the transfer of "good" learnlng

ffhablts, language models, etc., from the h1gh ach1ev1ng Whltes to

fithe low ach1ev1ng blacks.h An alternatlve (untestdble) 1nterpreta-'
‘ e '

‘*f tion 1s that the apparent impact of the proportlon of blacks in the,V”:_if

ffschool arlses from the fact that the socral backgnounds of black
f; chxldren in 1ntegrated schools and those in all black, or nearly all

black, schools dlffer in ways Wthh are relevant to learnxng but

which are not captured 1n our crude soclal class measures. The
e results cannot be 1nterpreted as suggestlng that school 1ntegra-v_

tion W111 raxse black achlevement,‘°"




'rable 18

RS

' | An Educational Production Function
‘»Dependent Variable, Reading Comprehension
with Integration variable

'Black Twelfth Grade Students

::'rf'Independent Variable

-
he 4

‘Regression Coefficient
(t ip parentheses)

'feTracklng,e

.. - - -

‘FPather's Occupation
°fTV. Telephone, Radxo, Phono-a
PR , _,g graph
ffeMOtherfsEdueaEiOﬁ_

Teacher 'S Graduate Tralning/”

af_Class

' Class Size, Science & Math

o

'ﬁePefeentage'Black-

o

-

0.5503

- -y "~

(3.1162) .

2.9622

4 5124) _f

0 6634

7'(1,9363);:
10449
- (1e5924).
tﬁife—é}vaée'f'»

. (-1.6221)

-0.4111

 (~2.0959)

© -0.0253
. (~1.3636)

.Beta |

-, “~edi

'~ 0.2003

0.2846

70,1262

- 0.0089

-0.1114

©-0.1405

- ~-0,0846

';i#fsﬁzce”“
o xx]

RS

' number of observations

-1.5930
(-0.1611)
' .2476
.6127

. see Table 9




S &_19  i CREl
An Educat:onal Produatlon Funcklon SRR
Dependent variable is Mathematic Achlevement R
~ “with ]ntegration variable . PR

Bl,ack Twelfth Grade Student.‘aa;

h F— —— e o-'h - ——ave

+

 5 19599356@“t Vé?iab1e' {.ﬁf:‘f” Regresszmn cweffxclent :   “Bet§,f  -uu,
I T LR TR AR S T (t in paremtheSPs) R Tt |

—ﬂ. - Y - - L — ” . D g~ " " " o . . R P A PR M D

.. .1y " Father's Occupation . =

?*ai.o 0237

3 T@EEEE?WQﬁGradﬁéte r:alning/g;aff,c ,o.zlus”ﬁh'°
e (AN ‘ N .w+J “C1asS L e

"7}§T??¢%inéfiﬁﬂ?f7~7gifﬁa;;”i*?s}ﬁil;;,ﬁo;zs43£;ywi;ififfébiizséfl ,f£?“’

gy +«uaem,%few~aﬂza-u~~~;w.(3 3212){;'

e e T e R e L T
Percemtage Black . . - .o -o oo3$g;ay_¢aaﬁfﬂfog;751~g,;"

”c@nStant,fgﬁﬂrfciﬁwr, | 2.9744*
ﬁ};k; » f%ﬁj:i}ﬁ&ﬁ:i (_4 3076)
lxxlr T 1 0.6126
}[number of observatlons see Table 9
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be >~ - . " Table 20 o o
E An Educational Production Function | ‘
| Dependent Variable is General Academic Ablllty |
with Integration variable
. black Twelfth Grade Students

Regression Coefficient : 'Beta'

~{¢‘e11ndependent vaﬁiab1e 
T (t in parentheses)

. : . _l. Father's Occupation .~ . -  5.3193 . o.1800
- -~-.;_th7fal; T (3.1216) R

. 2
.
.

'°Af;4-'

»,Phonbgraph

: JMother 's Educatnan

TV, Telephone, Radlo.

Teachera'w;ﬁh Graﬂuate

"41.0042

' (6.5539)

©2,9140

25.9364

(2.1600)

' 0.3788 .
 0.1096 -

. 0.1267

”Tralnlnglblass"

s, ;Tracking,'f”w‘ B . -0.1463
R © (-2.2691) R

-3.8132

n‘ﬂ:6. 'c1assfsize,'8cieRQe & Mafh  -0.1251
T PR VLU BRI (~1.9711) | S

[

T I PR U UL S TP RS (2.0433) R

-0.5107

Lo -0.1638
(-2.7441) AR

' 8. percentage Black

Al T

- Constant = 1 -78.8240
5 ~",»-e-4<b*?~, - (-0.6901)
et o .5536 . S
numher of Obqervafzone see'Tabne 9 ”

-
§ .
z

e

FullToxt Provided by ERIC.
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. IXo COMPARISON OF PROJ'FC';I.' TAI-ENT AND EQW\LITY OF EDUCA‘TIOMAL\
SRR C’PPORTUNITY SURVEY RESUI-'I.‘S

. “‘ i *

1

.‘Lhow estxmate srmllar functlons'thh a dlfferent bodj of data.‘;df

; thﬁwhe followxng est;qates are for‘bladk students who were1enrolled

?by the v. s. o‘flce of Education as part of the Equal Educatloqal

g
: l

i

]

fmy prellmlnary results 1s urged to consult these sources.‘;‘”g

‘I

fiard d¢V1ataons appear 1n;Tdb1e 21. A table of the zero order

fa numbor of varlables avarlable 1n the Talent sample are not

dneasuer 1n the EEOS data ?nd v1ce‘versa. The est;mate of our

?haslc aquatxon appears in ﬁable 22 Alnumber’of commeutsrareﬂgdf

46COleman, et al.

“tables | ;nd ‘means and standd#d deviations of each variable, asgjf .

our estﬁhatlons are based ou the correlatlou

in vol. I of ggg]llt r of Educatlonalwo |

reporte«
| \

S ‘47In addltzon to the Reportxztself, see Bowles and Levxm.(1968a),
‘»nf;nanushek. and Hanushek and‘xa1n. S erv‘v S »ux,ygiuqﬁ.,y

ﬁ"ﬁ}in the twelfth grade in the fall of 1965. The data wer= colldctea

B ffas the COIeman Report, after 1ts pr;nc;pa1 author.45 The samp"ff
*iamd a mumber of serious Shortcomlngs of the data are descrlbed{fff“
idetall elseWhere.. Any reader adventuresome enouqh to t&kehggﬁ ious

a7 1

. K

3Pducatnona1 productlon fum@taon along'W1th thear means and stan_?,iiff

rtunitz.'~'“'“*

In order to assess the generalxty of these results, I wall’ff“fyauﬁff

f,Opportunmty Survey.m SOme Of the results of thxs survey have heen atffv

Lr«ported 1n ggalxty of Educat;onal Qggortunlty, known pOPulargyflf:rfff’g

The varlables avallable for the emplrlcal estlmatlon qf‘fPe ];1(3;¢g

~orreldtlon coeffxexents appears 1n an appendlx._ Unfortunately,,hslr
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" Table n

RS ane as ot dhibtenatin () i cns i

"A Heans, Standard Deviation and Zero Order Correlations

- Among Variables Used in Estxmates

& [PPrere |

- - variable®

Standard

.~ Deviation

IE PG L
REEZE =T T IR
L P N B

i -
i

b
.
-

o maslitie et

'“;;ane anironment.

’:<gfﬂ;5fnepeqdent varxable.”

bal Achlevement Scale
Bcore -

b
v neadxng Material in the nune

Hunber of 31b11ngs (posxtive
f!mo |

- —n_..“ e W e W B,

Parents' Educat;onal Level V

‘” ;{JSch Env;monnent-

"a';‘TEacher's VErbal 2Ability Score

Science Lab Pacxlxtxes (1ndex)

”‘;j;;2f~nyerage Time sPent i Guidance

”fifj iNhlbér of Days in sgssxon

L saat camoptf

” f“size of the Senior Class
Stndent.Attatudes.

2  3€.83 of Control of Environment®

£

. 49,2202

;0;1091‘ o
-_-o 3334

-0. 1672 o

21.2211
89.4083

1.8528
179.8984

 264.3718

- =0.1265

7 0.0460

14.4512

© 0.6159

1.0275

- 0.8389

2.5593
22.4557
0.7847

4.1359

212.7663

0.7654
0.7132
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-~ for the natxonal sample taken as a whole. .

‘that the school has one, two, or all of the follnnng types N S
. of labs biology, chem.stry, and physics. _

" College Ab:.hty Test Scores of the Mucatimm 'restmg

“.dent agreement or disagreement with three statements: Good
. luck is more important than hard work for success; Every time

. in].ife. |

. responses to the following items: How bright do you think

“fast (agree - dxsagree) .

i

g R T iy T “" - :: ; . s SN ‘ o ‘ i} -‘ | {x | V
I~ Notes to Table 21

a) Further def:.m.tion of these van.ab@ms. as vell
as the survey instruments on which they Hena based,
available in Coleman (14). |

~ b) The home envxronlent and stndent aitutude variables
have been normalized to mean = 0 and standaltd devuat:.on 1

c) - Range = 0-99. A score of 33, 66, tbr ‘99 indicates

. d) The verbal abil:.ty score is based on the School and

-

Servioe. - | ?e

e) Ihe sense of control variable is based on the stu-

I try to get ahead, something or somebody stops me; and
People like me don t have nuch of a c'hlnee 10 be successfiul

" £) The self concept varizble is hased on the stadent's’
you are in comparison with the other students in your grade? |

Sometimes I feel that I just can't learn (agree - disagree):
I would do better in school work if tgaehera: didn't go $0




- 'appears in ‘Table 22 . A number n»f comments are in order. 9
e | F:.rst, the parameters are roug‘hly consmtent with our earlier b {!
| results. The very 31gn1f1cant ezstulate of the mﬂ.uence of teacher 3‘
) - quality (as represented by teachers" wverbal abilities acore) is

-

'~ | part:.cularly :.mportant. and not surprising when we recall that

~ the teacher is by far the s:.ngle most i-portant school mput.‘s . | “%f. i :,

The :.mportance of teacher quality has heen conf:.r-ed by o

& - y~ much of the current work in t‘he e-stanatum of educatnmal pro—

s '-;,ductxon funct:.ons.4? | M 'k | : .

GJ.ven our f:.nd:.ngs from t‘he "ralenl: sample. the absence of a |
cldss s:.ze var:.able is surpr:.s:.ng.. l‘he failure of a class sme |
2 var:.able to apnear in the equata.on naiy be a reflection of Severe

b :i‘ierrors in the measurement of this vara\.ab].e 52 Although claes s:ze

does .not appear to be a s:.gn:.flcant 1n1‘]nence on achievement in a

4
T WM 5 <y
o -

numher of studi 1eis (fcr example, Eanushek‘, and I.evm) » at least

':-jtone author, Kies h.ng, found a lughly signi€icant relatx.onsh:.p

betwe en studentsj-per_—teacher and achievement.51 ,_ ST

R :

“The teacher 8 verbal ability test comsists of oaly 30 questions
and is self-administered. 1If, as seems likely, the variance of
" the error component in this measure is large , the estimate of

_the associated regression coefficient may be ser:.ous'ly downnardly
... biased. The same reasozu.ng. of course, applies to the other '
school 1nputs. | | -

[ 49See Kleslz.ng, Hanushek. In addition to these results, Levin
|~ found that two measures of teacher qualtiy (verbal score and type

- of college attended) were highly significant in explaining verbal
- achievement among sixth grade black students of the third socio-
‘fveconouuc quart:.le in a large metropolitain area.

iB sosee nuwles and Levin (19681:).

| S 5l~fhe negat:.ve relat:.onsh:.p between teacher—stnaent ratio and 2 wrun-r




 TABLE 22

An Educational Production Function

T
) o > o P ==“
e T IO . 3 o AR50

Black Twelfth Grade Students -

s o b+ ek S e e 1wt T e o wmarnan o,

A

rescoicia:

_‘»ﬂf;'€> Independent Varlable D Regress1on Coefficient Beta
v”":f'f~ - (the dependent . S (t in parentheses)
. - variable is R

N ‘{i., 7 . - -
{

) verbal aeh1evement) | SRR -

T

~~{{;d‘ 1. Readlng Material in the . "2.0031 .. 0.0892

.|~ 2. Number of Siblings '7~'*f~fff7- 11812 0.1288
- "7 . [(positive-few) - .- (4.2513) ‘ o

3,i Pdrente"ﬁuucational - o 2.4213 - o 0.1406
g - Level . S (4.3870) | |

4. Teacher's Verbal . . 1.2462 1 0.2207
- Ability Score I (7.1445) |

| 5. ’SCieneewLéb Facilities . 0.0505 . - 0.0785

10 PR | ~ (2.5837) -

-

EERET R Constant o 19, 4946 o R ]

RS T P s - (5.1938) A |
.~ Re ~ 0.1684 - I
s - . - 0.6761 L T

;;‘”*EE' number of dbsetvat;ons 1,000




. The absence of a measure of school policy, reflecting in
l part t-.‘he quah.ty cf the 1nteraet10n hetween students and teachers,

' 5 \'1, to he explamed by the profus:.on of :mperfeet measures of this

| ~~dmusxon of the mput stmeture. - When we entered eleven of the

- pues. e m*l“t—-u-— e i 1+ ot et 1+ e s e B s e . s e - St et Ay < - e —

i :m], po11cy var:.ables :mto the above equat:.on, we cou ld

mt accept the hypothes:.s that a11 of the regress:.on coeff:n.c:.ents

ﬁ i! s se van.ables were zero,sz, In order to represent the

o ﬁnfluence of tlu.s set of var:.ables. we have 1ntroduced a var:.ab‘l.e
| z:eptesent:.ng the extent of gm.dance counselhng in the school as f |
a rongh prcnty.‘ we have ‘futther added a var:.able chosen to
represent the general level of eomm.ty interest in and support
of edncat:.on, days in sess:.on. '_1‘he res.ult:.ng equation appears in _
i Table 23 . ‘

| nnth var:.ables are h:.ghly correlated with measures of over a11 |

 — C- ! ' . . -

w

o —

‘51 m%easure of school ontput found by ‘Welch may be a reflect ion
,pf the smaller classes-in rural schools and the failure to take
- sccount of the negative influences on learning associated with a
| rural home and community environment. (The positive association
- between teacher-student ratio and tenth grade verbal scores in-
T twenty-two Atldnta public schools estimated by J. W. Holland and
" J. Borkhead is difficult to interpret, as the equat:l.on in which

j:'ln.s finding is reported includes a measure of per pupil expendi- . -

ture (plus a number of insignificant variables).) This seems to

tngmst that even with a given level of expenditure, reduction

~im class size prodnces sufficiently strong effects on. ach:.evememt
to -m:e than offset the associated opportum.ty costs.

’lhe F valne lead:.ng to the re]eet:.on of: the hypothes:.s was o
. 2.39 with 11 and 934 degrees of freedom. Thus the hypothesis was
i ry:»ejeete&‘at the 99% level of significance. L :
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. TABLE 23
) ;I::ducational Production Function

| with School Policy and -COmunity‘ Support Proxies

Black Male Twelfth Grade Stu;dehiizs;

=  Independent Variable »‘ o Rebx:essi’pn coefficient Bcta |
. (dependent variable o (t in parentheses) - |
- is verbal achievemwent) - S -

1. Reading Material in the = 1.8254 -  0.0778
- Home T 0T (2.4632) o

2. Number of S$iblings  © - 1.7184  0.1222
(positive = few) - - (4.0405) SR

3. Pparents' Educational Level - 2.4083  9.1398
' S : (4.3787) ‘

4. Teacher's Verbal Ability - 1.0348 - 0.1833
Score : , (5.5186) ' | :

5. Science Lab Facilities ~ 0.0375 . 0.0582
S E (1.8871) . B
6. Average Time Spent in - 1.4636 . 0.0795
' Guidance | (2.3364)
7. 'Days in Session : 0.2054 . ‘\"(\;.0588 :
L S e - (1.e3%6)

- Constant -14.5708
B - - (-0.7706)
Re : ~ 0.1780
Ix 'X' E - 0.,4569

- number of observations 1,000 .
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et e

support fbr educat;on, such as the level of teac:her:s'I salarles :

H

and systemdwzde expendxture per pupml Both are also pcsxtlvely
assocxated W1th school pol;cy varlables such as the exttnt of
. 'extra currzcular act1v1t1es and fore:gn language courses,‘though

- 'days in sessxon' is much less closely assoclated W1th these N

y?schocl varzables than 1s the guldance counselllng measmre.53

'3}[rTa1ent samp1e° In order to answer the questlon, consxder the B
tfffltwo equatlons predlctlng comparable outputs-l the Talent equatlon

7§f{yfor readlng comprehen310n (Table 12), and the EEOS equatzon 1n Table
oo . » ¥ » . ‘
e ,r ‘ ;Jt oo
*4a;A1though compar;son 1s dlff;cult because the set of vaﬁlables

'7u5i1n each equatlon is not the same.‘note that the est;mated 1mpact

:"{fvar1ab1e, respectlvely.54 The~eet1mated 1mpact of changes 1n

‘fofrural d1fferences,'as we have cons1derab1e evidence thaq rural
Wfojs@hools are open for fewer days per year. (See colemanw ‘As a
. test of this hypothesis, we. added a var;able measurlng the size

. pificant, and, although its introduction lowered the estimated
- regression coefflclent for 'days in session' by about te percent,_
,?j]the latter variable was st111 szgnlflcantly dlfferent fﬂom zero at
. the 95%.s1gn1f1cance level - The remalnder of the equatyon was;{,,'“
"”~mja1tered only sllghtly. S '_‘*;slg.”vg_ji;;j;@;ﬁ,gf A FER
w7£b&54Th18 flgure is the sum of the beta coefflclents for the school |
~ inputs; the days in session varzable is regarded as a communlty
| «~,~_"var.1ab1e, not a school J.nput. 8 aE SR D -

ER&C

Aruitoxt provided by Eic:

‘fkﬂfof the senior class to- the equatlon.; This ‘new varlableuwas 1nszg-f”»

" . S S - y N DO VUPPEVAV VTG 'Y I |
s S R ey o T i 3
: r . . RN ST < .

ch szmzlar are these flndings to those based on the ProJeCt ‘;‘f?ﬁii”
o |

*?fiiof 1ncreas1ng a11 school 1nputs by a standard devzatzom 1s vzrtually L
”fﬁfﬁ1dent1ca1 in both equatlons.ﬁ The 1mpact for the Talenh and EEOS Q~"h

;@uiiequatlons is 35 and m32 standard devmatLOn unlts 1n the dependent,?”h

N . N ;l
SR eh e e T T T L T T B L e e
TR T e e “'»z'-»a.,>_e¢~;.u.(,,~as=:u_--¢,w,~p’- - ,
i

of course, the days in sess1on measure may s;mply refleCt Urbanst‘f Yo
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ﬂ?< socxal baokground is roughly slmrlar in both equatlons ( 62 standard

o e

dev;ation units for ne Ta ent data and .40 for the EEOS), as is
the port;on oE var;ance ex 1a1ned in both equatlons (0 2444 for

Talent and O L780 for the EEOS)

};“”*“?"”“““Some furth-_' DK ort for the stabxllty of’ these flndlngs -

zs contained'tn Tables 24 and 25, whlch present equatlons estl—-

mated from the EEOS data for samples of SOuthern snd Nbrthern

lffstudents separately. (Tnese samples are different from the

;"2natmona1 EEOS sample used thus far ) Taklng into account

| “i;;fthe numerous shortcomlnos of the data and methods used the
'*gsimllarlty 1n results is strzklng.“ Although the above ev1dence
SR l

'fgls much too wvak to demonstrate the generallty of the Froject

J'

1j§tha1ent resultt, none of the avarlable 1nformatlon is ser10ule
m%;_[lncons1stent‘Wlth the general qwalltatlve outlxnes of the functlonsf

n#?{fbased on Talent data.




” Estimated Regressione for Samples of No:therm 12th Grade "':
| | Students - B RO

5Independent Variable (dependent Regresslon COefflclent

?variablem;:tterbal aehieve--ﬂ‘ (e in parentheses)

Readlng Mater;al in the ;»;,j{:}ﬁg’ ‘1‘279"'
| e sl (1 5013)

*(positive - £ew) %5,35_;5f}jj;pﬁ‘,(3 7op)n

‘ 0y *V.M;ffep;iissse 1‘757”

! l:?‘4.6g6’  ’ 
';ﬁ'ifféggi?“ef'f:e“”\

V

'_1(3 193

- 0059 ff.v
f‘2l137) 7,

e
Lty

. , Q“O 1462)
;f » ' .*f~o°9°
X‘Xf ':4*;; «730
_numbe *of observatxons 1 ooo
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E&txmated Regressiens for Samples of Southern 12th &rade~

Students

s

. Ve .
B

N

Independent Variable (dﬁpendent
~ varimble is verbal achieve-
| ment) e

o e
. T

Regreséipn'Coefficient‘

Beta

- (t in parentheses)

”ﬁl.Reading Material in the
.. Home | | .

?ffNumber of Siblings 7,7?;fifyjﬁiﬁi}€aﬁ»-

(positive - few)

e AR SV
“szramilyggtability‘

/e fTeacher'a Vérbal Abllzty
. Score .

’VfiScienceﬁLab Facillties |

B

ﬁffParents” Educational Level 'ff”"

'”}”BVefégégTimégSPeht in Guidance

. 1‘841
'(2' .629)

,5; }{71 794 .
“?7‘(Q 438

o s.a85

o .e23
: 5(1 858lv

S 1. 0972'
-‘,3(6 593)
021
. 724»

2,017
 7(3.266)

'1 ff}135j?°:k' |
ek o a2
o teiaely o
| | ey 0T
210 .

f; ;moéfjlk

Constant - 20 373

;;number “f_observationsifl 000

i
RN
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' X. SPECIFICATION BIAS®® - o

Thusefar we'have heen working'with a model in which no

explxcxt account is take of stwdent endowments at the beginningsi,5“

. of sdhool. The biases in our ewtlmates resultlng fremvtﬁis

excluslon are suggested by the iOIIOW1ng exer01serf We have

j:attempted to explain a sxlear adhlevement sccre Mt grade one by

_ our set of explanatory varnables. The resultlng mqnat1on and

fﬂthe calculataon of the spevlflcatlon bias . appear in Table 26.1.
o At the flrst grade level, the school 1nput varlabmes were never‘"‘

wlslgnlflcantly dzfierent Erom zero (at conventlunal levels).

leen the crmdeness oE both Ehe'measures and the tedhnlque, o
efthe partlcular numer;eal estlmatos are subject to!son31derable

jerror._ NOnetheless, as expectedw the apparent 1niluence~of

:ﬁ‘soclal class en school learnlng is drastlcally reduced, “hil?  .

‘fvthe slgnlflcance af schocl 1nputﬂ is not. affected.s “Of course, . . il

as 1059 as we use an addutmve llnear model w1th anlnteraction rejrﬁf,gg«

[

ddeffects and plausibly assame no ﬂffect of sdhool Jmputs~on‘

l

quinltlal scores, there ean be no 0st1mated blas of the,sdhoo}'__}

:‘;finputs. Them our resu]t ig hardly surprlslng.

[t ST R LR e v » -’ © e [ . . - . . i

. . N
55The analysls in fhls sectmon is restrlcted to th¢ EEOS data,
as the Project Talent data at my disposal do not include grade

one scores or the relevant studeh; attltude measures.,

Sl A

Aruitoxt provided by Eic
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LOtWLCtLOR For Speclflwatlon 3ias Due to Omitted Inxt;al

;Endowmenps in the Educational Prgductxon Function.

B _ slack_Twelfth Graders.

| Regression Co- Corrected Re-
b , v~ efficient at at grade gress@on Coef -
| LT grade twelve one? - . ficientsb
L 1 (1) . _(2) | (3)
f?\inome Envlronment- | 11 , e |
fffReadlng Mater1a1 in L.8254 1‘333 1‘;959

~ the que L (1.97)

 f7ffNumber Qf siblings - - 1.718¢ . -~ ~."  1.7184
“-  (positive = few) = - Lo |

& R A . e e e ~ ' oL
-} .Papents' Educational 2.4083 " .884 - .812
vj:  Level{ - . . L : (5.85) -

. e prk".7 A  '. s T ;;
”']fifScﬁééi“Ehvifonmenfi N

‘5 Teacher s Verbal :

Ability Score . 3 p3ag R 1.041
‘ffffj3c1ence Lab Facil- v | : .
et 1t1es ﬁ '_ . ‘0375 L | | ‘9375‘

1Average 'fime Spent , o "
” _1n Gu1¢ance - l.4636 - 1.4636
| Days in Session . ,02054 -  .02054
B R P L = ' ‘ 4 .
#

p.oa) t ratios are in parenth@ses. The coefficient of determination

R for Lhe equatlon was .05.

( % 7?P)5 Lolumn (3) = Column (1) - Column (2) x.b ,'where b

- the Jegression coefflclemt of Al in equa%ion (7), is a%é&med
to be . or l»&O&‘

Al S
\oi( o




| *4., in Table 27,

*. o o e praes o

- ——_——rea e g o

: Recall that equation (2) represented our reduced fbrm.,
‘.Yet e complete~spec1f1cat10n of the learning env1eonnent must
:Aplausibly include student motlvatlons.,‘In our case these
:kd-~att1tudes are represented by two measures, student self-coneept,t
j:ﬁ;fand student sense of control over envlronment 56 When these are
f7,,’added to the basxc eqnatlon,*we arrive at the equatlon presented

It 1s worth notlng that the struetural parameters related

*bjjgﬁfto the sehool 1nputs dhange very 11tt1e, suggestlng that, 1n thls

'”e3§€f£case, the sxmnltaneous eqnat;on.bxas is relatlvely small The

'd‘:f?nlattltude varlables are powetfully related to achlevement - the

?ifgi‘prqportlon of variance expla;ned is almost doubled by their inclu-

| sion. i

'~..‘-.-’..- ] o el

‘ 555ee Table 21 fbr the measurement of these varlables.




s 1o by
NN .

2““"“““1dependent variables is =~ ~ cient {(t in paren- Beta
« vetbal achievement) theses) .
1. Reading 'xi‘aterial' in the . 0.5686 0.0242
" Home |, | (0.8243) |
 2.. Number of Siblings ~ 1.5091 0.1073
. "(positive = few) (3.8459) ~-

3. parents' Educational Level . 1.8527 .. 0.1075
A o - {3.6390) -
4. Science Lab Facilities 0.0355 - 0.0552
: " ' (1.9392) |
'S. Days .in Session  o0.1821 0.0521

R : - {1.8653) -
6. Teacher's Verbal Ability - 2.1069 0.1960
o Score - -~ {6.3977)
“ - P ‘ :
75 Average Time SPent in - 1.7673 0.0960
- uldance - - {3.0523)
" 8. Student's control of 1.aa18 0.2353
o Envxronment {8.3100)
9, sfudent s Self-bbncept | 4.2767 'Q,Ziil
| S . {7.4531)

T T e

TABLE - 27

Bladk Male Twelfth Graﬂe Students

Educatxcnal Productlon Functlon'thh.student Attitudes H&asured

| Independent Variable

Regression Coeffi-

COnstant -12.2473
(-0.7020)
| ch s 0.3031
xext 0.3870
number of obs=atvations 1,000
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XI. CONC'LUSION‘ THE‘FFFECTS OF SCHOOLING ON Acumvmm" - -
. The J.mperfect measurement, the hnl.ted exposure to the
eﬂucati.onal environment, and our fundanent‘al ignorance about hmr
'ch;ldren learn establish the presumption that the estnnated

- effect of d1fferent schools will be quite luxted. lionetheless.

_‘ ,' our est:unated equat:.ons suggest that the difference in ach:l.eve—

"» nent between students in schools w:.th inputs at levels one

fstandard dev:.at:.on below the mean for our sanple co-pared with

S 'from .64 to 1. 5974 standard dev:.at:mns on our aclueve-ent scale. 57 '

L "students in. schools one standara dev:.at:.on above the ‘wmean ranges

S - ~—m—— ——
.- M e etm——— bt et ¥ T S M b wtew a bate T e dme r—— e v

Giﬁ;ve’n i the ii;mi.te‘d natuj.'e of the sample, and the inadequate

ne - 6p§ortunity to ‘-explore the available data, I "ill Mreffain from

';f‘-"genetah.z:.ng from these :.nrl::.al eneouraglng results. Iihat we

o have uncovered so far, however, suggests that our e-phasx.s on the

;F_ii‘;“school in the study of human acapltal formation and income dis-

L trlhut:.on is not msplaced. It is ee_l:l:a:.nly the most important

o

| o learn:l.ng environment d;.rectly under social control. We have

C learn:.ng. o

1dent1f1ed a number of sc‘xool 1npui:s uluch do seem to affect

1)

]

57por the purposes of these calculations, length of school year

- is considered a community variable, mot a school inputs.
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" X1f. POSTSCRIPT: INITIAL RESULTS concsnnmo THE EFEEET OF SCHOOL
| |  QUALITY UPON EARNINGS R

- In the analysis of the effect of schoola.ng on econo:uc

and the d:.str:.but:n.on of income, the relationship het:ween

cat:.on and. earnings plays a. central role. tud:.es of this -
P L

“ t:.onsh:.p have ordlnara.ly measured educat:.on by years of
o , mlmg.sa Recently a mmber ;f authors have :mvest:.gated the -
i{if;Lat:.onsh:l.p between scholasti.c ach:n.evement and narmngs -59",
il Here I adopt a d:.fferent approaeh namely the 1""“‘-3‘:193':1"“ "

2 . the relat:n.onsh:.p between the level and qualz.ty Of 3011001
zuts, on the one hand and earm.ngsl in post-school euploy-ent.
- ;_-*I:he otherﬁo ‘1'o :|.solate the 1mportanee of the part:.cular .

a ibns:l.ons of school 1nputs. I deal vuth students a11 of vho- |

st e et b

Our data on earnzl.ngs are for the f:.rst Job‘ after leav:mg school

o] Z.eported by the student. and are undoubtedly cons:.derably in error.

7 1 ﬁlence of b:n.as :|.s clear fron\ the fact that the reported -onthly |

s f'eaﬁu;nngs of respondents in th:.s sample are 1. 67 t:unes the earn:mgs |

e f, ;he analogous grgup as ceported in the u.s. census. 'rhus the

| fin JEla.ngs helow should be regarded as exploratory hy_potheses for further

. - - esm—or b e

| '~§8’ﬂ{i%inocy . | AN e

;-J.ss, and We:l.sbrod Hansen and Scanlon. |
60 ‘!; similar ha_pproach ‘has 'heen used by Welch. ~ The results reported
'ar‘e' based entirely on the Project Talent data. | i

-

t g s




study.sl - Preliwninary analysis of the v&‘a_ta' on the Project sample |
of f:lacks in the U.S. Office of dddcation regions 1, 2, éod 3, and
who were seniors in 1960 resnlted in the equotion which agppeafs
in -m:le 28. mote the foliowing: 1

mSt. the relat:.onship between socx.al background and |

- hetween the measures of scholast:.c ach:zevement and earnlngs . The

A perfot- more than a select:n.on fanction and produce a unlque ,

. ‘“ effecl: upon earnings, but. second, that th:.s effect is not prlmarlly

'  grade eqtnvalent level.

eanungs in the fJ.rst Job is very weak (See Table 29, )

Second there 1s no stat:l.st:-.cally s:l.gm.flcant relatlon

. t—statlstu:s for each test score. when added to the above equat1on

appears in rable 30.62 R ~

Third, some school inputs are significantly related to

B 'eamings, even for individuals with the same number of years of

'sehoolung
The above fmd:.ngs suggest an interesting and important

2 proposition for further study. They suggest first that Schools

——

‘GIAmmaI earnings of the Project Talent respondents were calculated
using ten months of employment per year. The discrepancy probably
- reflects both erroneous responses and the unrep"esentatlve nature -
of the Talent sample. ‘ : R S

62
- Hansen, Weisbrod, and Scanlon found a statlst:.cally significant
- relationship between the AFQT and earnings in a group of low-
achieving Northern blacks. Although their findings heighten my
skepticisa concerning the above estimation, it should be kept in
mind that the two population groups are not at all comparable.
The mean years of schooling in the Hansen, Weisbrod, and Scanlon
sample is nine years and measured achxevement is around the third

-




'l'able 28

| An Edneat:.onal Product:.on Function: Dependent
 variable is Starting Monthly Salary :
. Blacks Who Were Twelfth Grade Studlents in 1960

. "‘”Independent Var:.able ) Regress:.c»n cOeff1c1ent

(t :m parentheses)

Beta

1- . Bducational Immovation - 33.62 -
T - .. (2.5988)

- 3. ‘par];-'_rnne TeaChers /TOtal . o _345 04 o
SR classes m School e (-1. 9349) R

| 4. _'c1ass »slze. Science & Math -6.09

- ".1845

1827

»‘f914§1ei.

| Constant™ ‘ - 57.9877
SRR : ' o © (0.2783)
" R% S . .0612
a,'f‘“:lXWX| -~ B . <7200
[ .nunber of observatxons see Table 9
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Table 29

Relatlon of SOeao-Economlc Status of Parents to Earnlngs

t-Statlstlcs for SES Variables

,tSOclo-Economlc Status S - . Affect of Higher

Var;able o t-Statistic® - Status on Earnings = y

l

1. i-ait:her's"o.'ccupation ~ . .0804 .o
' 2. Mother's Occupation 1, 1442""‘ P L
© 3. rFather's Education s e

"f't4.'Mother s Educat;on | _*;..5989;' | | lft'{f. _f_;r

‘*5.'_0wn Room, Desk, Type—-f’3 ,a0927 s T e
- writer R S A T P
T B Appl;ances | jt 'a_r;k’.3939j‘j. A T
7. 'TV, Telephone, Radlo,’“'f' .4220r_‘r o=
- 8. With Whom Living o | 71.3147 A o+

: ”aThe twstatlstlcs reported here are for each SES varlable
when added to the equatlon in Table 28. o B o




"Affect of ngher
Achxevement on
;wwﬁEarnlngs

;are7for each test score




:conveyed through cognltlve development (as measured in scholast:c:‘

fach;evement scores), but through other effects of schoollng on

1

'?earnmngs capacxt1es.53‘o

Ed

If the proposztlon is correct ‘we must renew the searﬂh for'”

.

fadequate economlcally relevant measures of school outpu 'and
}substant;ally rev1se our v1ew of the role of educat:on 1n the

fproductzonlprocess. The proposltlon W1ll be tesfed wrth other

*bodle 'oijroject Talent data in my forthromlng work , The above 5“”

iresults by themselves are no more than suvgestlveo );n

63A strong case for the second part of thls propos;tlon is made
(by Herbert Glntls in his, "Toward a Method in the Economics of

‘“Educatzon -- 7The Educational Production Functlon," unpubl;shed

*lmlmeo, Harvard Unlverslty, 1969.., ' . . |
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variable number

variable ream

1

2
3
4

m‘.

0

10
1l
12

14

15

16
17
18

19

20

21

Reading ‘Comprehension
Mathematlca -

General Academzc Ab:lity
Salary | |
Faﬁher's Eduqagion.

Mother's Education

'Father's Occupatlon  ‘

“Mother S Occupatlon

Appliances

TV, Telephone, Radio,

‘Phonograph

With whom L1V1ng

Class Size,,Sci &jMath |

‘Senior‘class Siée‘

Educatxonal Innovation

B.A.

e e

‘own Room Desk Typewriter

Startang Salary, Male,.v“

Teachers Fully Certlfled

PercentvCollege Prep.;

Teadher's Startingléalary,’ﬂ‘

Pracking

_Percentage'Negro

ER&C

Aruntoxt provided by Eic:

-99-
Prable 32
Zero Order Correlation Among Vawiables

M T S A M AR Ve — e r——— | A

.5170

- 1.000

3

.8855
. 7301

%.000

e —| | R S———

.0276
.0414
.0368

1.0G0

5

.2955

« 2097

« 2936

-.0105

"1.000

. 2016
.1348

. 2096

~-.0644

.2701

1.000

2157 |

.1738 ||

.2212

1217 |
.4227
+2992

1.000

e e - -

e W
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14

19

20

:W5. 217

22

.18

.2515  .1212

1311  .0928.

.2258  .1396

1 0525 -.0270

.2830  .1230

3354  .1447

- .5524 . .1932

. 1.000  .0207

- 1.000

.1334

.1456,

.1634
.0455
.0852

.0887

.1888

.3215

. 1.000

O p—

«3704 -.0659

.3418 -.1229

.4573 -.1331

.0020  .0625

.1621 -.2212

.0973  -.0059

.1647

.1677  -.1947

2286 -.0716

.2934  ~.1601

.4738 -.1325

1.000  -.1155

1.000

-.1970
-.2136

~.1154

.0045

-.0546

7.0458

. -.0322

.0677

. -.0816
.0107

.0157

1.00

. .4522

100

-.1032

.0166

-.0262

.0524

.0511

.oss
”fp.ogief
 -.0976

-.1382
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e

17

18

20

2).

22

- 0499

. .0093

.0348

-.0255

lig

.0239

.0508
,";;6412,
' _.0208
1412

" .0208
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.1550
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 .0253 -

(. i
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-.0477
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© 1.000. -.0902

. 1.000
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.2190
.0003
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0477

.0839
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.0139
-.1188
.0864

© . 1.000

-.1749

4 —.2588 :

-.0523

- .0171

.0006

- -.0413

-.0130

-.1200

~.0673

~ .4300

- .3847
L0599
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0955
-.0484
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.0090
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-.1976
-.1660
L1207
112
0357

. 0980
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0436
-.0501
-1367
-.0366
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